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TflfrEFACE TO* SECOND REVISED 
EDITION 

As was stated in the Preface to thj First Edition, thi 
book coTitaius an account of* the main facts concer.nin 
the chemical nature of synthetic drugs and thp guidin 
principles which arc used in their production. New drug 
are constantly being introduced, and though man/ of ther. 
are well known and widely used, theif cheinib-.il nature i 
often unknown even to chemists possessing a good .know 
ledge of general organic chemistry. For this ^reason tltpr 
appeared to be some need for an attempt to increase the 
interest of chemists in a branch of their subject w kit'uhs, 
very interesting in itself, and which also affords scope for* 
commercial application. 

Before the war, the manufacture cff synthetic drugs 
was practically confined to Germany^ but since 1914 con- 
sidertfble progress has been made with their production 
in this country. The manufacture of synthetic organic 
chejuicals on a large scale presents many difficult prob¬ 
lems, afid it is gratifying to find that most of thes<3»ha#g, 
been successfully overcome by British chemists in so short 
a time, and working under such difficult conditions. 
Nevertheless, it will probably be necessary to give some 
form <Sf protection to this important growing industry lof 
some years after the conclusion of peace if it is to hokT*fs 
own in competition with the vast and highly iirtrarsaed 
German organic chemipal industry. 



vi PREFACE TO SECOND REVISED EDITION 

This book contains nxjre than a mere description of 
the chemical nature and mode o^ preparation of m^py 
synthetic drugs. r For a scientific understanding of tlje 
subject!, it is necessary to pay conciderable a(^enti(3h to 
reactions taking place fetw|en-the drug, and the living 
org*inishi ^whenever the's; cfn fee Auced, and to.tjre' iylf,- 
,tion ; between fhe chemical characterJof y substarfce anti its 
pharmacological action, eyc^p thoughjjhis relatjpri|)s neither 
so complete nor so simple ar might be desired, # an$l i^tjon- 
. fined to only a few of. the numerous chemical 'cojvjpuTrnds 
that are ysfed as drugs. 

t It has been thought desirable to •mchticy, briefly the 
therapeutic effect of juost of the chief drugs, so that readers 
■ m,\v ( gain some idea of their relative importune^ but no 
attempt has been made to deal in any detail with pharma¬ 
cology or therapeutics, subjects which lie quite outside the 1 
scope an*d aim of this book. It has been neither possible 
^nor necessafy to m#fltion all the synthetic drugs which 
have keen prepared in receiffc years, as many of them pos¬ 
ses^ neither scientific nor therapeutic value. . 

Besides the practical importance and inherent interest 
oP In'e subject, it may also be of great value as a means of 
'opening up new channels of research and of discovering 
types V)t compounds. Just as the discovery of the 
coal-tar colours <Jave a great stimulus to the study oit 
aromatic compound^ so the efforts to produce new drugs 
have led to a greatly increased knowledge of eertain % types 
of compounds, as for example those containing carbon 
unifed to arsenic and antimony. 

«_.FuBther, it is hoped that this volume may prove of 
, interest to those medical men who desire to obtain more 
unbiassed information concerning the application of 
chemistry to therapeutics and pharmacology than can be 
fjjitaindd from the countless trade circulars with‘which 
tfiey are, or used to he, inundated. 

<Ttie ayia/gement of the subject-matter invariably pre¬ 
sents difficulties in a book of this,kind. No plan can be 
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entirely logical and satisfactory ^ut it is hoped that the 
arrangement here used will be found a convenient one. 
Crpss references have Seen inserted wherever possible., 

I nft'jsh express «iv thanks for the encouraging ^re¬ 
ception given to the first editicji of ilns book, and especially 
to^boSe maders who ^<?ve i)ec% 1-Jnd enough to^pofnt wc 
omisSions lor errors. k .In *additiim to mino! alterations, 
.certain se<^iops have ijjen largcjjy t reifritten on accjpunt <jf 
reee«Wlcyelopmcnts of tlv subject, and some entirely new 
sectio'hvJyivt; been added. > # 

^.My mo§? grateful thanks are due to Mr. H. W t Vernon 
for his help ii^cofbecfcing the proofs of this edition. 

P. M. 

•May, 1918. 
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ACETALDEHYDE, 28, 51. 

Acetanilide, 67, 68. 

Acotornorphinc, 110. 

Anotono, 59. 

— bohaviour of, in organism, 38. 
Acetone-chloroform (see Cliloretone). 
Acotophonono (sec Ilypnono). 
Acetopyrino, 66, 157. 

Acotoxime, 26. 

Acotozone, 190. 

/-Acetylamiuo-phonol, 70, 73, 164. 
Acetylamino-phenol acetamide, 77. 
Acetylamino-phonyl benzoate, 77. 


Aluminium compounds, 195. 
Almnnol, 195. 
ifUypine, 99, 100. 

Amidopyrine (see Pyramid on), 66. 
Amino-acetic acid (see Glycine). 
Amino-aceto-catecho], 14!L 
Ainino-acotopyrogallo], If*. 
Amino-acetoveratrone, 119, 120. 

A milieu acids, 38, 39, 42, 138. 
nt-Amino-bcnzoic acid, 30. 

Ip-Amino-benzoic acid, derivatives of. 
1 102-103. 

y- Amino-butyric acid, 79. 
Amino-ethanolcatechol, 149. 


Acetyl-atoxvl, 204-205. 

j , . j ..u»«Ji'j-uuijn.iiuic« l iiecnoi, J4 

Acetyl-ethylannno-phenyl acotate, 77. I Ainino-ethyl-catechol* 149 
A cetyl-/>-hydroxy jihonylethylami no, I Amino.ethylpyrogallo], 148. 
148. I _ i ■ ’ 


Acetyl-salicylic acid, 157, 158. 

--esters of, 163. 

Acid groups, offect of, 29. 

Acitrin, 224. 

Acriflavino, 173. 

Adalin, 129. 

Adrenaline, 34, 129-136, 141, 150. 

— methylene and methyl ethors of. 
133-135. 

iso-Adrenaline, 134. 

Adrenalono, 131, 147, 149-150. 
Agurin, 217. 

Airol, 173, 178, 183. 

Albargin, 194. 

Alcohol (see Ethyl Alcohol). 

Alcohols, primary, secondary, and 
tertiary, action of, 
23, 55, 56. 

behaviour of, ir 
organ:#m, 38. 

Aldehydo groups, effect of, 28. 
Alizarino-Bordoaux, 22§. 

Alkyl groups, effect of, 17, 19. 

N-Alkyl qfnnoljjio dorivativos, 64. 
Allyl-thiourea, 208, 239. 
Allyl-tri-mothyl - a m m cui i u m hy¬ 
droxide, 3£1* 9 

Aloe, 225. 

A loin, 227. 

Alum, 195. 


Amino-hydroxy-bonzoic acid, este 

of, 100, 101. 

l-Amino-naph’Jhalene-4 arsinic ooic 
206. * 
8-Amino-naphtiiol (l)-3-6^isulphonic 
acid, 172. 

8-Amino-paraxanthine, 219. # 
p-Amino-phonol, jfc, 68, 70. 71-77. 
p-Amiuophonyl-arsdliious oxido, 201. 

209. # 

p-Aminophonylarsino, 209. 
tis-p-AminopheuylarsWUc acid, 206i 
p-Ainiuophonylarsinic acid (see also « 
| Atoxyl and Arsanilic Acid)/?J03. 
p-Aminophenylstibinic acid, 2*15. 
8-Amino-theophyllin^ 219. 
Amino-tolyl-arsiuic acids, 205, 206. 
fcia-2-Aniino-^Iyl-5-arBimo acid, 205. 

I 5 ^Lmino-vafSiianic a$id#79. 
Ammonium bases, effoci of, 5, 15 # • 
Amphotropin, 177. * 

Amygdophonine, 75. 

Amylamino, 147.# 
tso-Amylamine, 137. 

Amyleno, action of, 19. 

— hydrate, 66. 
tertiary Amyl-urea,^56. 

Amesthesino, 10‘i. 

Anchoring groups, theory ot, t>, 7»10, 

Anijae, 63, 67-68? • 

; 4 r _ 16 
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Aniline, «**««««« of, in organism, 
38, '68. 

Anisic acid, 20. 

— aldehyde, 139. 
o-Anisidine, 166. 

Anthragallol, 226. 

Anthranil arsinio acid, 206. 
Anthrapurpurin, 222, 227. 
Anthraquinone derivatives, 226*227. 
Antifobrin (soo Acetanilide). 
Antiluetin, 216. 

Antimony compounds, 214-216. 

— finely divided metallic, 216. 
Antipyrino, 20. 65, 66- 
Antithermin, 67. 

Aperitol, 228. 

Ap'•codeine, 111, 112. 
i]/-A ocodomo, 111. 

Apomorphine, 107, 111. 

Arocaidine, 11. 

Arecolino, 11. 

Argentamin, 194. 

Argonin, 194. 

Aristol, 184. 

Aristoquinine, 84. 

Arrhenal, 203. 

Arsacetin 200, 204, 208. 

Arsamin, 204. 

Arsanilic acid, 204, 205, 208 (see also 
Atoxyl). 

Ai 'ouious oxide, 197. 

— — aromatic derivatives of, 201. 
l-l-Arsonoanthranol, 213. 
Arsenobonzeno derivatives, 201, 202, 

209. 

Arscnobenzol (sc Salvarsan). 
Arsenophonol, 209. 
Arseuophenylglycino, 209. 
Arsenostibino compounds, 216. 
Arsinic acids, 103, 208. 

Arsonljm bases, 15, 17. 

Aryl-stibinic acids, 215. 

Aaeptol, 154. 

Asparagino, 34. 

Aspirin (see Acetyl-salicylio acid). 
Asterol, 193, # 

A tophari, 223. 

Atoxyl, 197, 198, 199-201, 203-204, 

2 . 8 . 

AtLolactinic acid, 89. 

Atropine, 12, 34, 8b, 88, 89* 

Baolioni’s theory of narcosis, 49. 
Barbaloin, 226. , 

• Bartytone (s. Veronal), 57. 

Ba "t’s reaction, 208*, 215. 

Basic nitrogen groups, effect of, 26. 
m-Benzaminoserhi4arbazide, 6t./ 


Benzanilide, 68. 

Benzene, behaviour of, in organism, 
39. 

— hydrocarbons, action of, 19. 
Benzidino dyes, 171, 172. 

Benzoic acid, bohaviour of in organ¬ 
ism, 42. 

Benzonaphthol, 163. 

Benzophenono, 59. 

Bonzosalin, 163. 

Bonzosol, 167. 

Benzoyl-ocgonine, 92. 

— — esters of, 92, 93. 
Benzoyl-phenylethylamine, 139. 
Beuzoylsalicylic acid, methyl oster of, 

163. 

Benzyl-morphine (see Peronine). 
Berberine, 116, 123 124- 
Betol, 163. 

Biogen, 190. 

Bismuth, 178. 

— ometino iodide, 128. 

Bleaching powder, 179. 

Boric acid, 190. 

Borneol, 233, 235. 236. 

— carbonate, 166. 

— esters of, 236. 

Bornyl chloride, 234. 

Bornyval, 236. 

Brilliant green, 172. 

Bromalbin, 189. 

Bromal hydrato, 46, 47, 55- 
Bromdictiiylacetyl-urea, 189. 
Brometone, 54. 

Bromides, alkaline, 188. 

Bromipin, 188. 

Bromoform, 51, 182. 

Bromoglidino, 189. 
a-Bromo-isovalerianic acid, 189. 

-borneol ester, 189. 

Bromo-locithin, 238. 
Bromo-phenacotin, 76. 

Bromural, 189. 

Brovalol, 189. 

Butyl-chloral, 54. 

-hydrate, 46, 47. 

tertiary Butyl-urea, 56. 

Cacodyl, 202. 

Cacodyliacol, 167, 203. 

Cacodylic aciu, 202. 

Cadavorino, 147. 

Caffeine, 13, 217- 

— aeetylamino derivatives of, 217. 
tao-Caffeino', 219. 

Calomel, (see Mercurous chloride). 
Camphor, 174, 233 235- 
Canadine, P5. 
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Carbamic acid, 26. 

“ Carbon,” 174. # 
^rbon-tetrachloride, 24, 51- 
Carvone, 32. 

Cascara, 225. 

Catechol, 20, 130, 1G4. 

— carbonato, 166. 

Cephaelfco, J27, 128. 

Changes in the organism and their 
relation to the activity of a drug, 
12, 13. 

Ch^mico-therapy, 170, 174, 197. 
Chmosol, 175. 

Chloracety 1-catechol, 131. 

Chloral, 51. 

— behaviour of in organism, 37, 39, 

41. 

Chloralamide, 53. 

Chloramine antiseptics, 179-181. 
Chloramines, 179-181. 

Chloramine-T, 180. 

Chloral-ammonia, 53. 
Chloral-formamide. 53. 
Chloral-hydrate, 46, 47, 51, 52. 
Chloral-imide, 53. 

Chloral-urethane, 54. 

Chlorcosano, 181. 

Chloretone, 54. 

Chlorine compounds, 179-181. 
1-Chloro - 2 ainino - phenyl - 5 arsinic 
acid, 206. 

Chloroform, 24, 50, 172. 
8-Chloro-theophylline, 219. 

Choline, 32. 

Chrysophan, 225, 232. 

Chrysophanic acid, 225, 227. 
Cinchonine, 82, 83, 84. 

Cinnamic acid, 159. 

Citarin, 223. 

Citric acid derivatives, 177, 223. 
Cocaine, 2, 11, 35, 86, 91, 92, 93, 94, 
136. 

a-Cocaine, 2, 35, 96- 
Codeine, 104, 105 109, 120. 

— methyl bromide, 110. 

Codethyline (see Ethylmorphine). 
£ollidii^, 33. 

Colloidal mercury, 192. 

— silver, 194. • 

-chloride, 194. 

Coniine, 80. • 

Cordal (3^3 Tribronisalol). 

Corydaline, llff, 126- 
Cosaprin, 69. 

Cotarniue, 116, 122, 1*1, 125, 126, 
127. 

Coto-bark, 230. 

Cotoi'n, 231. 


o-Coumaric acid, 15®. 

Creolin, 152. 

Croosoform, 169. 

01-00801,^64, 165. 

— carbonate, 166. 
Creosote-carbonate, 166. 
^Creosote-phosphite, 167. 

o-, m- and p-Cresols, 152, 158, 159. 
\3resotinic acid, 153, 167. • 

C rosy lie acid, 153. 

Croton-oil, 212. 

Crum Brown and Fraser, law of, 5, 
#30, 148. 

(jjryogonin, 67. 

Cryptopine, 128. 

Cupreine, 82, 84. 

Curare, <5, 148. 

Cyanacetic acid, 28. 

Cyanogen chloride, 28. 

— radicle, effect of, 28. 

Cyclic Tireides, 57. 

Cycloform, 102. 

Cystamiue, 176. 

Cystazol, 177. 

Cystogen, 176. 

Cystopurin, 177. 

Dakin’s solution, 179. 

Dermatol, 178. 

Dextroform, 17.6. 

Diacetin, 46, 4'iP. 

Diacetonamine, 97. 

Diacetyl-mo rplfine, 109, 110. 
Diacetyl-phenetidine, 74. 
p-Diamino-arsenoljpuzeue, 209.• 
p-Diamino - dihydroxyarsenobenzene, 
209. * 

3-3-D iamin o-4-4'-dihydrox/Btibiuo- 
benzene, 215. _ 

Di-o-aminophenyl disulphide, 239. * 
syvi- Diamyl-urea, 56. 

Diaspirin, 157. 

Dichloramine-T, 180, 1HI. 
Diethylamine, 102, J#3. 
Diethylaminoethyl alcohol, ostcis 01, 
102, 103^ 4 

Methyl-brfolfuric acid (kee Veronal). 
Diethyl-ketone, 59. • « • 

Dietliyl-inalonylurea (#«o Veron^). 
Diothyl-sulphone-methane 46. 
Digitalin, 232. • 

Digitalis, 232. 

Digitoxin, 232. 

Dihydro-papaverine, 118. 

2-4-D i hy d roxy-df-amino-acet.j,.. 

nono, 149. • • ^ 

Dihydroxy-d iamin o-arsenoben^ne, 
^ 210-214. 

16 * 
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2- 4-Dihydi#xypb3nylarsinic acid, 213. 

3- 4-Dihydroxyphenylethylamine, 13H, 
139, 140, 141, 142, 149, 150. 

3 - 4 - Dihydroxyphonylothy^rnothyl - 
amine, 141, 142, 149, 150. 
Dihydroxypiporaziuo, 222. 

4- 5-Dimethoxy-2j8-methylamiiioethyl-’ 
bonzaldohyde, 126. 

6- f /-Diinethoxy-2-metliyl-3-4-dihydro- 
isoquinolinium chloride, 126 (see 
Lodal). 

6 - 7 - Dimethoxyisoquinolino -1 - car¬ 
boxylic add, 127. i 

4-Dimethyl-amiuo-antipyrino (s 
Pyramidon). 

1 - 4 - tVmcthy] - 2 - amino-phenyl - 5- 
L’ r rsiuic acid, 206. * 

p -1 [moth* Zamino-phonyl arsinic acid, 

air. 

Dimethyl-piperazine, 222. 

Dimethyl -sulphone- diethyhficthano 
(“ reversed ” sulphonal), 60. 
Dimethyl - sulphone - dimethyl - meth¬ 
ane, 46. 

Dimethyl - sulphone - ethyl - methane, 
60. , 

Dimethyl - sulphone - methyl - ethyl - 
u methafre, 60. 

Dionino 110 (seo also Ethyl-mor¬ 
phine). 

IHohcnyl, 19. 

—Vartratcv 220. 

Diplosal, 157. 

Dipropyl-malonyl urea, 57. 

Disafol, 163. 

Dispormin, 222., 

Distribution coetticient, 46. 

Diuretfn, 217. 

Dormigeno, J{j9. 

Dormiol, 53. 

Dulcinj 21. 

Duotal^l65-167. 

Kyestuffs, 7, 170-174. 

Ecgoninr, 8H, 91, 92. 

— methyl eaten 92, 93 

a-Eegomne, (/5. ? ' 

Ehflioh’s thVory of the action of 

dftigs, 6, 7? ^70, 171-174. 

Etyogen, 190. 

Emotine, 127, 128.’ 

— bismuth iodide, 123. 

Emodin, 225. 

earino, 154. ! 

Epinephrine, 1&), 136 (see also 
iJfUonaline). *• 

Epinine (see 3-4-Dihydroxyphenyl- 
ethylinethylantiMp). 


I Epiosine, 116. ^ 

Ergamine, 139. 

'Ergot, 129,137- 
Ergotoxine, 133. 

Eriein, 162. 

Erythrol-totra nitrate, 25. 

Etiior (see Ethyl etlior). 
p-Ethoxyphonyl urethane, 70. 
Ethyl alcohol, 23. 
Ethylamino-acetocatechol, 149. 
Ethylamino-ethylcatochol, 149. 
Ethyl antimonyl tartrate, 216. , 

— bromide, 50, 51- 

— chloride, 50, 51- 
Ethyleue-ehlorhydrin, 102, 103. 
Ethylenc-dibroinide, 51. 
Ethyleno-diethyl sulphone, 60. 
Ethyl other, 51, 55. 

Ethylideno diethyl sulphone, 60. 

— dimethyl sulphone, 60. 
Ethylinorphine, 109, 110. 
N-Etliyl-phonacetin, 73. 
(di)-Ethyl pinaconc, 59. 

a Ethyl piperidine, 80. 

Ethyl-propyl-malonyl urea, 57. 
Ethyl salicylate, 162. 

— urethane, 46, 47, 58- 
Eubornyl, 189. 
a-Eucaine, 96, 97, 134. 
j8-Eucaine, 97, 98. 134. 

— lactate, 97. 

Eucodeine, 110. 

Eucol, 167. 

Eugenol, 162. 
iso-Eugenol, 167. 

Eugenol carbonate, 166. 

— methyl ether, 141. 

Euphorin, 69, 75. 

Eupyrin, 76. 

Euquinine, 84. 

Euresol, 153. 

Europhen, 184. 

Eusol, 179. 

Exalgin, 69. 

Exodin, 227. 

Ekkkipyrin, 195. 

Pihrolysin, 239. 

Flavine derivatives, 173-174. 
Elavopurpurin, 226. 
Formaldehydt, 15, 175, 176, 177. 
Formamint, 176. , 

Formanilide, 68. 1 

Formurol, 177. 

Fortoln, 23)1 
Fowler’s solution, 197. 

Frangulin, 226, 232. 

Fumaric aci^ 33, 34. 
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GallacetopheJone, 41. 

*%illie acid, 177. 

Galyl, 212. 

Gcntisinie acid, 40. 

Glucosidcs, 1, 232- 
Glutol, 175. 

Glyeoro^ 21, 1G2. 

— esters of, with salicylic acid, cl 

162. 

Glyceroplioaphoric acid, 23G-237. 
Glvceryl ether, 22. 

Glycine, 42, 43. 

Glycosal, 102. 

Glycuronic acid derivatives, 40, 4 
42. 

Grey oil, 191. 

Gri serin, 186. 

Guaiacctin, 109. 

Guaiaeol, 20, 155, 164 165. 

— caeodylate, 107, 203. 

— carbonate, 105. 

— carboxylic acid, 1G9. 

— esters of, 167. 

— phosphite, 107. 

Guaiamar, 164. 

Guaiaperol, 1G8. 

Guaiathol, 165. 

Guanidine, 20. 

Gynoval, 236. 

“ II ’’-acid, 172. 

Haematogon, 19G. 

Hemoglobin, 195. 

Haemol, 195. 

Halazoue, 181. 

Halogen in organic compounds, effect 
of, 23. 

Hectine, 208. 

Hedonal, 58. 

Helmitol, 177, 223. 

Hcmisiue, 136 (sec also Adrenaline). 
Hermophcnyl, 193. 

Heroin, 110 (set also Diacetyl-mor¬ 
phine). 

Hetoeresol, 159, 

Hetol, 459, 203, 217. 

Hoxamecoll, 109, 176. 
Hoxamethylonetetramiu£, 176 177, 
222-223. 

Hexamine, 176, 177. • 
Hoxamin^arsenobeuzcno, 213. 
Hexylamine, 1#7. 

Hippuric acid, 42, 220. 

Histamine, 1&). f 

Histidine, 138. 

Holocaine, 98. 

Homatropine, 90. ^ 

Homogontisinic acid, 40. 


Homoprotocaiecnuic acict, J20. • 
Hoinoveratraldebyde, 141. 
Homovc^atric acid, 120. 
Hoinoveratroyl chloride, 119-120 
Hordenine, 144, 148. 

I k“- metliiodide, 144, 148, 150. 
riydraeclin, 67. 
c., j , Hydrargol, 192. 

| Hydrargotin, 193. 
j Hydrargyrol, 193. 

I Hydrastiue, 116, 123, 126. 
j Hydrastininc, 126, 127. 

| Hydrazine, 8, 26. 

1, j Hydrazoic, acid, 26. 
j Hydrocarbons, action of, 17. # 

: Hydrocyanic acid, 15. 

Hydrogen peroxide, 190. 
j Ilydropyrin, 157. 

Hydroquinone, 39, 162. 

p-llydft>xy - u - amino - acctophenc*ie, 

143, 144. 

m- and p-Hydroxy ben zoic acids, 156. 
o-Hydroxybenzoic acid (see Salicylic 
acid). 

m- Hydroxy-benzoyl-trppeine, 89. 
p-Iiydroxy - w - cliloro - aeetophenono, 

144. • 
Hydroxylaminc, 26. 

Hydroxyl groans, elTect of, 21-23. 
p- Hyd roxy-pli efiy lacctoni tri le, 1314 
p-Hydroxy-phonyl-arseninus oj«de, 

201 . • 

p-Hydroxy-phonyl-arsinic acid, 202, 
206, 207, 209, 21j). • 

p-IIydroxy-phenyleyianolamine, 143. 
c-HydroxyphenyletlTylamine, 149. 
/>-Hydroxyplienylcthylamino,» 129, 
136, 137, 138, 139, 1^. 
p-H y d r o x y plienylejhyletliylamine, 
115. ^ 

p - Hydroxypheuylethylmetludamino, 
144-145. t 

p-Hydroxy phony l-ur#lhane, 75. 
a-Hydroxy-/3-2-pyridyl-propionyl-tro- 
pcine, 89_« l 
1 fyoscyay^Rj df 34, 86 (s£e also Atro¬ 
pine). • # • 

Hypnal, 54. •• 

Hypnone (acetophenone), 29, 59- m 
— bohaviour of ifl organism, 41. 

I lypodermic purgativo (see Apoco- • 
deiue). 

IcilTIIALBIN, 238. 

Ichthoform, 236# 

Ichthyol, 238. 

3-^Aiazolyl-etbnltmine, 138. 

Ineiphenol reaction^ 72. 
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Incbxyl, formation of in organism, 39. 
Intrammo, 239. 

Iodalbin, 187. 
lodides, ttlkalino, ISO. 
lodipiu, 187. 

Iodival, 187. 
j>-lodo-anilino, 204. 

Iodoform, 181, 182-131, 130. 
Iodoformal, 182. 

Todoformiu, 182. 
lodoglidiuo, 187. 
p-Todo-guaiaoal, 187. 

Iodol, 183. 

Iodo-iecithin, 238. 

Iodolysin, 239. 

Io&ophonol, 184. < 

IodJfthyriKb, 187. 
p-Io<j7ncy-anisok\ 185. 

Ionization, effect of, 10, 17. 

Irou\ donvativos of, 195 190. * 

Isoform, 185. 

Isomerism, effect of, 33. 

Isomorphous groups, behaviour of, 10. 

Jalap, 228. 

•Fairish ^hydroxy - N - ethyl - tetm - 
'hydro-quinoline), 04. 

Rairohue A (N - ethyl - tetrahydro- 
(? quinoline, 04. 

— (N - methyl - tetrahydro - quino¬ 
line), 04. 

Kalmopyrin, 157. 

KetonOs, effect of, *>9, 59. 

Kharsivau (see Sq’varsan). 

LactopAhnin, 74. 
Lactyl-amino^onol, 104. 
Laetyl-aminoph* nyl-etliy 1-carbonate, 

' 77. 

“ Laden burg's Rule,” 89. 

Lambkin's cream, 191. 

Laudanine, 105/ 

Laudanosine, 104, 105, 121, 120, 127. 
Laxin, 228. * 

Lecithin, 230^37. A » 

L&udne, 137. - 
ljimin.al values,’’dG. 

Lithium salts, 220. 

Lodal, 127, 141. ' 

Loew’s theory of poisons, 8. 

Loretiu, 180. 

Los<Jphan, 185. 
j^jarge^, 213. 1 

Lutidiift}, 33. 

Lysetol, 222. 

Lysidin, 222. u* *» 

l v ysol, 152, 153. 


Magnesium- perhydroi, 190. 
Malachite green, 172. 

Mulakin, 70. 

Malarin, 70. 

Maloic acid, 33, 34. 

(Malic acid, antimony derivatives of, 
210 . 

'Mandelic acid, 89. 

Mandelonitrilo glucoside, 233. 
Maretin, 07. 

Martins yellow, 29. 

Meeonine, 122. 

Medina], 57. 

Menthol, ICO, 107, 233, 230. 

— carbonate, 100. 

— salicylate, 103. 

Mcnthono, 32. 

Mercuric eh lor do, 17, 191. 

— cyanide, 17. 

Mercurous chloride, 17. 

Mercury, colloidal, 192. 

— derivatives of, 191-193. 

— organic derivatives of, 192-193. 

- tannato, 193. 

Mesotan, 102. 

Mofaldchyde, 23. 

Mediae, ‘hi, 70, 73. 

Methano, 18, 50. 

p-Methoxyphonylethylamine, 139, 
115. 

p- Methoxyphenyl - trimethylammo- 
niurn iodide, 145. 
Methoxy-quinoline, 03. 

Moth oxy- tctral 1yd roq ui n ol i n e, 63. 
Methylacetanilide (see Exalgin). 
/3-Methyl-adrenaline, 135. 
Methylaminoacctocatechol (see Ad- 
ronalone). 

Methylamino-eUiyl-catechol, 149 (see 
also 3 - 4 - Dihydroxyphenyl ethyl- 
methylaniinc). 

a-Molhyl-authraquinone, 225. 

N - M e t hy 1-ceph ae 1 in e, 128. 
Mothyl-cliloride, 24, 50. 
Methyl-chloroform, 51. 
N-Mcthvl-cmetiue, 128. 

Methylene blue, 171, 173. 
Methylene-citric acid, 177. 
Methylenec.itrylsalicylic acid, 151 
Methylenc-dic,doride, 24, 50- 
Methylone-dicthyl-sulphoue 00. 
Mctliylene-dimethyl-suJphono, 60. 
Methylenc-hippuric acid, 200. 

Methyl ethyl jther, 51 ., 

Methyl-ethyl pinacone, 59. 
Methyl-isoeugonol, 134. 
2-Methyl-phej’O-morpholino, 115. 
Methyl-phenyl -pyrazolone, 20. 
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Methyl-pinacone* 59. 
J^Methyl-pyrrolidine, 83. 
Methylrhodin, 163. 

Methyl salicylate, 162. 

-behaviour of in organism, 41 

(see also Oil of wintergroon). 
N-Methjjl triacetonc-alkamine, 90, 
96. 

Mothyl-uretlmne, 46, 47. 
N-Mothyl-vinyl-diacetone - alkamine, 
9g, 91. 

Moyer’s theory of narcosis, 45-46. 
Microoidin, 151. 

Mitsoherlich’s law, 16. 

Molecular weight, effect of, 33. 
Monacetin, 46, 47. 

3-Monomethyl-xanthino, 13, 14, 219. 
7-Monomothyl-xanthine, 219. 

Mooro and ltoaf’s theory of narcosis, 
48-49. 

Morphigoniuo, 116. 

Morphine, 104,105-109, 110-112, 115, 
' 121 . 

— acyl derivatives of, 109, 110. 
Morphine-sulphuric acid, 6, 10, 29. 
Morpholine, 112-115. 

Naoa rod, 172. 

Naphthalene, 19, 170. 
a-Naphthol, 154. 

0-Naphthol, 154. 

Naphthol-carboxylic acids, 157, 158. 
yS-Naphthol salicylate, 163. 
Naphtholaalol, 163. 

Naphthol yellow S, 29. 
/3-Naphtbylamine, 78. 
fi - Naphthylamine - 3 - 6 - disulphouie 
acid, 172. 

Narceine, 104, 124-125* 

Narcosis, theories of, 44-49. 
Narcotine, 104, 105, 116, 117, 121, 
122 123, 127. 

— methochloricte of, 125. 

Nargol, 195. 

Noo-kharsivan (see Neo-salvarsan). 
^Jeo-Siiltrarsan, 211-212. 

Neurine, 32. 

Neurodiu, 75. 

New bornyval, 236. 

New-oacodyl, 203. ' 

New-orU%fomi, 101. 

New-urotropirl? 177. 

Nicotino, 34, 80, 83, 148. 

Nirvanino, M- . . • , 

Nitriles and isonitriles, effect of, 28. 
Nitritos, physiological action of, 25. 
Nitro and jiitroso groiu>s, effect of, 
24-25. 


Nitro-benzaldehydos, behaviour of *iu 
organism, 39. 

/>-Nitrob^nzoie acid, 25, 29. 
Nitro-glycerin, 25. 

/)-Nitrohippuric acid, 25. 
j^itro-phonacetol, 115. 
o-Nitrophenol, 105. 
ft Nitroplienol, 70. 
o-Nitrophenylpropiolic acid, 39. 
Nitrosn-piperazine, 221. 
y)-Nitrot-oluene, 25. 

Nitfin (see Zinc sulphanilate). 
Igosoplicn, i85. 

Novarsonobouzol (see Neo-sal varsan). 
Novaspiriu, 157. 

Novatoj-gian, 224. 

Novocaine, 102, 103. 

Orb of wintergroen, 162, 166. 

Orexiu? 229-230. 

Orsudau, 205. 

Orthin, 67. 

Orthoform, 100. 

Osmotic permeability, 48. 

Overton’s tlicory of narcosis, 45-47. 
Oxalic acid. 4, 33. 

Oxynarcotine, 104. 

Pasonol, 41. 

Papaverine, 1C&, 105, no, iiYJtfU. 

i-i. , « 

— methochlorfde of, 121. 
Paraldehyde, 28. 

Paraxantliino, 13,^4, 217-218* • 

— 8-amino-, 219. ~ 

Parvoline, 33. 

Per.tahrom-phenol, 154. 

Pentachlor-phenol, 154^ 
Pentainetliylene-dianjjne, 79 
Perborax, 190. 

Perhydrol, 190. 

Peristaltin, 228. 

Peronino, 110. 

“ Pharmacophore,” 7. 

Phenacetim ^ 70, 7J, 72, 73. 
Ptenanl^fifc, 104, 100% 115. 
p-Pheuetidine, 70, 71, £2. 

derivatives of, 74-7f» 

Phenocoll, 76. 

Phenol, 21, 152. *92. 

— behaviour of in organism, 40. 

— formation from benzene in organ 

ism, 39. 

Phenolphthalcin, 1^5, 228. 
Phonyl-alanine,#18, 137. 
p- Phonyleno-diamiue, 9. 
Pl^ifylethanolaniii^, 143, 1*.. 
Pli^nylethyl aleoholk 145. 
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Ph^rrylothyiamine, 137,147. 
Phonyl-ethyl ketone, 59. 

Phonylglyeiue-arsinic acid, 201, 202, 

207. 

c Phenylhydrazino, 8. 
2-Phenylquinoline 4-carboxylic acid, 
223-224. 

Plfenyl sulphuric acid, 29, 40, 154. 
Pheuyl-urcthano (seo Europhen). 
Phesin, 74. 

Phloroglucinol, 153-154. 

' Phosgene, 1G5. * 

Phosphate], 167. „ 

Phosphonium bases, 15, 17. 
Phosphorus, action of yellow and red, 

Ph^ialic a$ : d, behaviour of in organ¬ 
ised , 38. 

, Phthalimide, behaviour of in organ¬ 
ism, 38. * 

Picoline, 33. 

Picric acid, behaviour of in organism, 
39. 

Picropodophyllin, 228-229. 
Pilocarpine, 33, 81- 
iso- Pilocarpine/33, 81- 
. ^Pinacone^, 59. 

Pfj none, 234, 235. 

«t‘ Pinenc hydrochloride,” 234, 
Fi^ecolino, 80. *' 

Pipf •azine,,220, 221, 222. 

— quinate, 222. ' 

Piperidine, 78, 79, 223. 

— tairtrate, 223. 

Piperidone, 79. ' 

Piperonal, 132, 133. 

Podophpillin, 228. 

Podophylliuiciacid, 228-229. 
Pddophyllotox}^ 228. 

* Potassium ferrocyauide, 1G. 

— sulpripcyanide, 28. 

Proflavine, 173. 

Propion (see Dia hyl ketone). 
Propylamino-acetocateehol, 149. 

Propylamino-ethylcatecifcol, 140. 

Protargol, 19#'. * \ • 

Protocatechui^, aldehyde, 132. 

— a^jd, 130. tT' 

— — behaviour of in organism, 41. 

Procbpine, 128. 4 

cProtosil, 194. 

Prulaurasin, 233. 

Putgatin, 227. 
i&irgalrves, 225-2^9. 
c urgatal, 227. 1 

Purgen, 228. 

Purpurin, 22G. « « 

P^rpuroxan thin, <226. 


Pyramidon, G 
Pyrantin, 74. 

Pyrazole, G4-G5. 

Pyridine, 33, 78, I0G. 

— behaviour of iu organism, 43. 
-Pyrogallol, 153. 

Pyrrol, 19, 100, 183. 

Pyrrolidine, 83. 
a-Pyrrolidine, 79. 

Quinaform, 85. 

Quiuapheniu, 84, 85. 

Quinaphthol, 85. 

Quiuazoline derivatives, 229-230. 
Quinic acid, 219-220. 

I Quinine, and its derivatives, 81-85. 
Quinoline derivatives, 175, 223-224. 
Qumonc, 39. 

Quinotropiu, 223. 

Reactivity, connection between 
toxicity and, 8. 

Rosaceloplienonc, 41. 

Resorcinol, 20, 153. 

— diacetate, 153. 

“ Reversed ” sulplional, GO. 

I Rhamnoso, 22G. 
j Rheum (rhubarb), 225. 

Saccharin, 9, 35,180. 

Safrole, 31. 
iso-Safrole, 32. 

Salacetol, 163. 

Salicin, 159. 232. 

Salicyl-acetic acid, 157. 

I Salicyl-amide, 1G4. 

Salicyl-anilide, G8. 
j Salicyl-arsinio acid, 20G, 

Salicylic acid, 153, 155, 156, 220. 

— behaviour of iu organism, 40. 
Salicylide, 50. 

Salicylosalicylic acid, 157. 

Salieyl phenotidine, Id. 
Salicyl-tropeiuc, 89. 

Saliformtn, 223. 

Saligonin, 159, 220. 

SalirncnVhol, 1G3. 

Salit, 103. * 

Salocoll, 77. 

Salol, 150, 160'162- 
Salopheri, 164. 

Salvarsan, 202, 210, 2J'i. 
Sambunigrm, 233. 

Scarlet red, 1#3. f 
Schmiedeberg’s rulos on the action of 
aliphatic compounds, 17. 

Senna, 225. 

1 Serum therapy, 170-171. 
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siaonai, taz. 

Silver compounds, Iba-xu*. 

I^P-min, 204. 

Sodium ferrocyanidc, 28. 

— hypochlorite, 179. 

— nitroprussido, 28. 

— phonate, 15G. 

— phenyl carbonate, 157. 

— platiuieyanide, 28. 
Sodium-salvarsan, 218. 
Sodiump-tolucnesulphonehlorarnide, 

WO. 

Soluble aspirin, 157. 

Solurol, 223. 

Solved, 153, 109. 

Sornnal, 54. 

Somnoform, 50. 

Spatial configuration, cffoet of, 15. 
Spirosal, 103. 

Stcreo-isomeridos, action of, 3, 33. 
Stibinic acids, 215. 

Stovaine, 99 
Strophanthidin, 232. 

StL^phanthin, 232. 

Strophanthus, 232. 

Strychnino, 12, 81- 
Stypticinc, 120. 

Styptol, 120. 

Suboutin, 102. 

Succinylsalioylio acid, 157. 
Sulphoform, 239. 

Sulphonal, 40, 47, 59, 00, 01- 
jO-Su I ph ondi c 1 i lorani i no-ben zoic acid, 
181. 

Sulphones, 59-02. 

Sulphonic esters, formation of by 
organism, 40. 

Sulphonium bases, 15, 17. 

Sulphur compounds, 238, 239. 
Suprarenine, 129, 130 (see also Ad¬ 
renaline). 

Sympathomimetic action, 129, 140. 

Tannic acid, 177,178, 220 . 

Tannigon, 177. 

Tannofonn, 177. 

Tartar ^metic, 197, 210. 

Torpenes, 233-235. 

Totrabromcresol, 155. 
Tetrachlorplionol, 154. 
Tetra-ethylammoniun*iodide, 147. 
Tetrahydro-naphthaleue-morpholine, 
113,114. • 

ac-Tetrahydro-/3-nftphtliylainine, 27, 
78, 147. 

Totra-iodo-phcnolphthaloin, 185. 
Tetra-iodo pyrrol, 183. 

Tetronal, 40, 47, 61- 


Thalline, 04. 

Thebaine, 103, 108-f09, li 
Theobromine, 13, 217. 

Theocine, 218. 

Theophylline, 13, 14, 217, 218, 219. 

— 8-amino- ( 219. 

8-chloro-, 919. 

'Thcrmodin, 75. 

<TI)iocoll, 109. 

Tliiogiycollie acid, antimony deriva¬ 
tives of, 210. 

Thiosinamino, 239. 

Tt^ymatol, 153, 103. 

Tbymegol, 193. 

Thymin, 223. 

Thyminic acid, 223. 

Thymol^ 153, 159, 1GG. 

— carbonate, 1G3. 

Thvmol-p-sulphonic acid, menurv 
salt of, 102. 
j Tiodint, 239. 

I Tolamine, 180. 

I Toluene, behaviour of in organism, 
39. 

p-Toluenesulphonchloramido, 180. 
p-Toluenesulphondichloramido, 181. 
//-Tolueuesulphonyl calorific 180 
Toluidino, 08. 

— arsenate, 205. 

7«-Toly 1 semicarbazido, 07. 

Toxynono, 193.* 

Traube’s theory of narcosis, 48. 
Triai-etin, 22, <*!, 47, *' 

Triaeetonamino, 90, 90. 
Triacctonc-alkaminc-carboxyli»acid, 
27. * 

I nacetyl-aloin, 227? 

Trihromaloi'n, 227. 

Tribrumphenol, 154. 

Tribromsalol, 55. 

Trichloracetic acid, •' 

Trichlorphenol, 154. 

Trigemin, 54. 

Tri-iodo-nieta-cresoljjlSi, 185. 
Trimetljylamine, 100, 147. 
Tnmethylam^uo-acelooateehol chlor¬ 
ide, llj^« % 

Trimotlfylamino-otliylnatechol c^loi^* 
ido, 149. •£ 

Trional, 40, 17, 00, 61, 62- 
Trioxymethylemlf 175. 

Triphonin, 74. 

Triphenylmethane dyes, 171, 172 
Triphenyl phosphato, 101. 
Triphenylstibino sirtphide, 2'" 
Trnpaeooaine, 94, 95. 

% Propeinos, 80, 88, 89, 94. 

'I',*,*, ,w.wt Hit 
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Tropine, on, »'/. # 

^Tropiner88, 94, 96. 

Tropinone, 88, 94, 95. 

Truxilline, 93. 

Trypaflavino, 173-171. 

Trypan blue, 172. 

— red, 171, 172. 

Trypsin, action of on drugs, 37. 
'Itylmarin, ICO. 

Tylnatrin, 157. 

Tyramine, 140 (soo also p-Hydroxy- 

phenylethylamine). 

Tyrosiue, 12, 30, 137. * 

— behaviour of in organism, 38. „ 

— ethyl ester, 148. 

^saturation, effect of, 31-,32. 

UK*c acid*219-220. 

Ur<J, 222. 

Urosin, 220. 

Uyjtropin, 176, 219, 222, 223/ 

Ur sal, 220. 

Uvitonic acid, 174-175, 


Valerianic a/ids, 24, 186, 236. 

— acid derivatives,'236. 
Valerobromine, 188. 

Validol, 236. 

Vanillic acid, behaviour of in organ¬ 
ism, 41, 42- 
Vanillin, 118. 

— behaviour of in organisn/; 42. 
Veratraldohyde, 119, 126, 133. 
Veratric acid, 41, 130. 

Veratrole, 20, 168. 

Veronal, 56, 57- 
Veronal-sodium, 67. 

Vesi pyrin, 163. 

! Viuyl-diacotonamine, 97, 98. 
Vinyl-diacetone-alkamiuo, 90, 97, 98. 
Vioform, 186. 

Xanthine, 13. 

—derivatives, 13, 217-219. 

Zinc perhydrol, 190. 

— sulphanilate, 195. 
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GLOSSARY 


• UNCERTAIN CHEMICAL ANK MEDICAL TERMS 
• , «. ; 

< { *1 { 

Ailflgesic ^diminishing pain.\> • ' f 
Antipyretic — caifbing fall of body-teraporCtpf e in'fove 
\lypnoflc — slocp producing. * - t , w< 

Narcotic — producing marked diminution of mental aeKvitijjr^ending to 
uneonsuousnoss. ( •: 

Pressor -clausing rise of arterial pressure, usually by constriction of t’:'i 
arterioles. 

Styptic chocking or arresting bloeding. 


Chemical. 

Acyl is a term used to denoto an acidic organic radicle dorived from an 
organic acid by removal of the hydroxyl (OH) group from the groups, 
(—CO—OH) or (—SO.»—OH), containing the acidic hydrogou. 

E.g. Acetyl, CH :{ . CO-o.Hrom acetic acid, CH 3 . CO. OH. 

..Benzoyl, C,.H ri . CO—, fronubcnzoic acid, C rt H s . CO. OH. 

** Lactyl, CH 3 . CH(OH).CO—, from lacticacid,CH 3 . CII(OH).CO. OH. 

/CO— /CO.OH 

Phthalyl, C i; H,^ , from phthalie acid, C tl H 4 ( 

r \C0— \CO.OH 

Benzone-sulphonyl, C I5 TT 3 . SO.,—-, from benzene sulphonic acid, 
C fi H 5 . S0 3 . Oil. 

x Alkamine esters have the general formula R—CO—0—[CR,R.>]£—NR ;! R 4 ; 
they are formed by tl]o estcriheation of an acid with an alcohol con¬ 
taining an amino-group. 

Alkyl is a tern] used to denote an organic radicle derived fron a simplo 
aliphatic hydrocarbon by removal of one hydrogen atom. 

JZ.g. Methyl, CH V from methano, CU X ; ethyl, CJT r „ from ethane, C 2 H 8 . 

Aryl is a term used to deplete an organic radicle derived frompm aiomatic 
nydrocarbon, by the removal of a hydrogen atom from the aromatic 
nucleus. ^ 

E.g. Phenyl, C rt H 5 —, from benzene, C fi II (f ; tolyl, CH.,. C U H { —, from 
toluene, CHn. Groups such as benzyl, C„H 3 . CH a —, obtained 

# hy*rAnoval of a hydrogen atom from tho side-chain, jnust be re- 
§arde^ as mixed alkyl and aryl groups. 
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CHAPTER I. 

INTRODUCTION--ThIS. THBOR1& 8f AUTIUJN UF 
SYltTHfiTio DJjtoGS. 

Ii* . i ty unc* y uAl‘S BjfiaritiacoTogy waS an empiriCal collectjln of 
jec^es, hardly deserving Ac name <jf a^scicncc ; but a # ncw 
wAsi with the; inves^igatiqp of medicinal substances by 

ohemkjAin flie early years of the ninetee^ith century. These re- 
£earehes!-*on bore fruit iti the isolation of the active principles 
of many vcge^aWo.drugs, and it was found in many*cases that 
the active compound was a nitrogenous substance of basic char¬ 
acter, ajuljjp this class of substam#; the nafnc alkaloid was given. 

Although aTl vegetable drugs do not contain alkaloids, K*u\fbr- 
tfieloss in the majority of cases definite chemical compounds, 
to the presence; of which the action of the drug is due, have 
been isolated. These non-alkaloidal active principles include a 
large number of different types of chemfcal compound, but the, 
class of substances known as £lucosides (substances “readily 
Ijydrolyzed by dilute acids or by enzymes into .a sugar and 
another constituent which is generally physiologically active) is 
especially well represented. 

The isolation of the pure active compounds was of .very 
great importance, as it opened up the possibility ot*an accurate 
study of the effect of dosage, ajid, as time* went on, enabled 
quantitative measurements of the physiological effect of the 
drug t<*be made. Such progress was obviously impossible as 
long as investigators were compelled to deal with a crude drug 
of unknown strength and composition. By this means, njso, 
secondary by-effects, often unpleasant q,nd harmful, could be 
got rid of in those cases where they were due to the pregSnSe 
of substances otl#sr than the desired active principle. 

The study of the constitution of the active principles led 
to attempts at their synthetic production. For g, •ifing time, 
however, synthetic chemistry was not far enough advanced Jk(b 
succeed in the synthesis of such complex substances, and 
efforts were therefore made to find which portion #f *^ie mfilh- 
cule gave rise to the physjological«effect in order that simpler 
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analogous compounds might,be prepared possessing the charac¬ 
teristic action of the drug. 0 

In^ this way it wag found that the physiological action of the 
di;u{7 was in general dependent on its chemical nattye, although 
naturally modified by difie).;enc£fe in physical properties, such as 
solubility, !volatility, etc.' VFoj; (-n^tanhp, certain typos o" Qorn- 
pou> ds oftein possess a cha\ acceristic aqtion e.g. thofjuateimfiry 
..mrnonium conipounds have a pawWtic action on the mofor 
nerves. ,r On the other hana, in the majority of cases'cho rolaitfeii 
between chemical constitution and physiological .'action is ex¬ 
tremely ob^gure, and is usually to bo found only yrlinin very 
narrow limits, outside which any generalizations that may hatfb 
'been mado are apt to break down. Thus a very small change 
in the chemical constitution- of a compound is ofton accom¬ 
panied by a complete chango in its physiological'action, as in 
the case of cocaine, a-cocaine, and a-eucaino, 

OH-CH„ 

/I" . \“ 

CH 2 i “ \: 

I n-ch, 6_o—co—c b il, 

CH. ' 1 ' / \ 

■' \l . / r-H 

CH-CH—COOCH, 

' Cocaine. 


CII-CH„ 

\‘ o-oo c„n 

CH, !> \/ 

| N—CII, " C 

CH, I /\ 

,,\| / COOCIi, 

CH--CH, 

a-Cocainc. 


v» 


CH, 


CH,—C--CH, - 

I \ 0—CO—C 6 H 6 

I \ / 

N—CH, C 

I /\ 

i / COOCH, 

CH,—C-CH. ‘ 


CH, 
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the first of which has a strong lacal anaesthetic action, whilst 
th% second has no local anaesthetic action whatever, and '*he 
third—whiph resentbles o-cocaine in its qfcenycal constitution 
mor#_ that}, it does ccystijne —has a marked local anaesthetic 
action, just like cocaino itself. In "this connection mention 
shtyill be made of tho g ?aci»tl^it a very consideralj^s cfiffeyace 
lAjjhysife^jgical action,is often shimn by ster«o-isomeridjts, as 
in the case of d- and fj^iftotine, d- and i-hyoscyamine, pilocpl* 
^inrj^sopilocarpirfe, etc. 

At^js [fpint it may bo advisable indicate the relation 
betwoe?fVifi chemical dbmposition and the ph^tcal proper¬ 
ties of a substivnje. It is held by some pharmacologists that 
the physiological action of a drug is conditioned solely by i?s 
physical properties, but even if»this wife always the case, it 
would noT^fxclude a connection between the physiological 
Action and the chemical constitution. It may be that the 
effect of some drugs is due to a subtle combination of various 
physical properties; these cannot, however, be % readily ascer¬ 
tained in the majority of cases, but*»ve can endeavour to 
correlate the chemical constitution-—which is the foundation 
of these properties—with the physiological action. Another 
point on which misconception seems to have arisen, is the 
question of whether a difference in properties between tovq 
substances is to bo attributed to chemical or purely physicah 
causes. The following quotation from a leading text-book of 
pharmacology will serve to illustrate this : “*Yellow phosphoru^ 
fpven by the mouth, is a violent poison, but red phosphorus, 
whieh#only differs from it in its physical pn^ierties, is com¬ 
paratively innocuous. Yet were the two differently constituted 
chemically, the difference in their action would, no doub^ be 
reffffred # to this fact.” Now, according to all modern views, 
there is a considerable difference in the chemical constitution 
of tho molecule# of the two different kinds of phosphorus, a 
difference which is manifested in the great difference of their 
reactivity and of their toxic action. There is prolj.ajffy as great 
a cheifiical difference between yellow and red ^hospfiorus 
between acetylene, (CH) 2 , and benzene, (CII) # , but at present 
we have no r*eans of accurately investigating tl$? spolecfllftr 
complexity of the two solijl varieties of phosphorus. 
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Although the action of rome drugs may be conditioned 
chiefly by their physical properties, ( yot there are others in 
which it is undoubtedly due to their chefaical character ( e.g. 
organic krsenic derivatives certainly cjw^- their trypanocid^id and 
anti-syphilitic action to f the presence of the arsenic). The 
teA^/chomi^al “ character ra^ljerrthan, " constitution ” if. used 
^ deliberately, as^in many esses th& physiological ifi/Won ttfft'a 
substance may be traced to some sj5e^!ic chemical property, 
which iS not necessarily closefy connected with its cdnstiJii^Sfi.' 
For example, the poisonous character of oxalic icid And its 
soluble salt" could hardly be dedufced from its ,-itV'uctural 
formula, But its toxicity is sufficiently explained by the faciT 
that it forms an insoluble calcium salt, a sufficient quantity 
of calcium in solutiofi being "essential for the welfare of the 
organism. 1 The higher members of this series of aibasic acids, 
having more soluble calcium salts, are proportionately less 
toxic. In other cases, however, some kind of relation has been 
traced between the presence of certain groupings in the mole¬ 
cule and the appearance of certain more or less characteristic 
physiological effects. These relations may be used in attempt¬ 
ing.' to prepays new synthetic drugs, but it is impossible to 
forecast the action of any now substance with certainty, and 
cafeful pharmacological experiments must be made before a 
■new compound can be introduced as a drug. 

' Many interesting facts concerning the relation between 
chemical constitution and physiological action are described by 
Pyrnan in a lecture to the Chemical Society A * 

Guidance in^our efforts to obtain synthetic drugs mr-y also 
be obtained from a study of the changes undergone by com¬ 
pounds in the organism. These changes are usually in the 
direction of the transformation of an active and ppisohous 
sutJS&ice into a less active and less harmful one. Thus, in 
order to replace a drug by a now product itt which harmful 
by-effects are eliminated, wo can often attain the desired object 
by stud^bjg. the changes undergone by the former in the 

f, • 

ac£his accounts for the toxicity of the salts and dilute solutions of the 
acidq'ronc^solutions of the acid are poisonous in the sg^ne way as other 
n ibcount of their corrosive action. 

. Ill (1917), 1103. 
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Organism, and by taking for the starting-point of the new 
drug the product of the^netabolism of the original drug. Sor 
example, it was fohnd that aniline is ouidisjpd by the^hody 
into^jara (jmino-pheno^, ,jnd this observation led’ to the intro 
iuction into medicine o^ a*large numfier of derivatives of parr 


aminl-phenol, of whic^ plxjni 
Vffiie #*15 ries th*t h*ive teen 


lAntin.i 
an adfn 


is the best-knoj^n ?xafi^»le. 
meed to explain the nation 


NB,R,K ;( 


ofpvariou^drugs are cl^efly concerned with carbon compound 
Tsvth^ lifter offer practically thq^oifly iSeans of comparing sub- 
stanq^Sipossessing definite structural^rolationships with one 
anothert %.The iniluenco’of the chemical constitution of a sub¬ 
stance on its^pkyeiolo^ical effect can lie seen from tkc fact that 
definite changes in the chemical constitution of substances 
oelongingjfco the same class, are iftually accompanied by definite 
changes inttie physiological effect, and further that the aiJditioSP 
if certain molecular groups to differently acting substances can 
change them into similarly acting or equally inactive bodies. 
\s an instance of this point, mention may be n^ade ot the dis-^ 
covery of Crum Brown and Fraser, 1 tliWt various alkaloids pos¬ 
sessing the most diverse physid!ogical actions, on combination 
with alkyl halides to form quaternary ammonium derivative— 
R 

+ RX = '^>NR ] R.,B. J , where BjB.Jl, are orgwiic 

X 

• 

radicles of any complexity, and RX stands for an alkyl halid*, 
such as methyl iodide, Cfl.,1, ethyl bromido^C.JIr.lTr, etc.—yield 
•substances which in almost evdl'y cas% possess the property of 
parading the motor-nerve endings in»the same manner as 
curare. In this way, by the process of metdtylation, one can 
obtain t'roiti all tertiary bases (NR^CR,), quaternary ammonium 
• X 

compodhds, ^NRjR^R^, which are vtfry, and often dispjvjpor- 

il 

tionately, poisonous compared with the original bases. Curare 
itself contains a tertiary base, curine, which is not very poison¬ 
ous, a^well as the far more poisonous ammonium curariwn 
The former on methylation yields the latter, which is 226 tjyu* 
as poisonous^ts the original substance. 

‘Crum Brown and Fraser, Trans. Huy. Soc. Nil, (lso.si.'iuv ; urum 
Brown and Fraser, 1‘roc. lloy • Hoc. Ed.‘6 (1809), 500. 
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On the other hand, the following examples may be quoted 
to%how that the addition of particular groups to certain sob- 
stancns may wfiakefi or destroy their action. This is well 
illustrate by the effect pf the entra*>cf of acidic groups* into 
the molecule, thus substances containing a hydroxyl group, 
onVxfmbina^ion with Rulphiiriy;^jid\ los* their toxic projrertdes. 
t For \nstance, phenol is very poisonous, bit phenolMilphu/ic 
"Sk^d, in ,tho- form of ijs ^pdjum salt,^C (i H 0 —0,~ 
is harmless. Morphine, C,.;H, 7 Np(OH) 2 , is an afit^em^ly 
powerful and poisoner's drug, but morphine-aulplun^>*acid, 
C 17 H 17 NO(OH). O . S0 2 . OH, is practically inert, ai‘d can bo^ 
^iven in ddses of 5 grams without any htym.«• Thjs fact should 
be borne in mind in considering the attempts that are often 
made of introducing Ihe sulphonic acids of variouajdrugs into 
mddiwne, as in nearly every case these are bound to be useless ; 
The effect bf introducing the carboxylic acid group (CO—OH) 
is often Jhe same as that of introducing the sulphonie acid 
group (—SOo-rOII). Ij’or example, the toxic substance methyl- 
amine, NIL—CH 3 , is fhus changed into the harmless glycine, 
NH 2 —CH,—COOH. The meVe addition of acid radicles, such 
as 'acetyl, —GO—CH 3 , without actually converting the sub; 
stance into an acid may often be sufficient; thus acetamide, 
NHj—CO—CH.„ is practically harmless, hut ammonia, NII 3 , 
Is poisonous; acetanilide, C„H,. NH . CO . CH,, is less poison¬ 
ous than anifino, C i; H fl . NH 2 . 

An example of aS opposite kjnd is furnished by the effect of^ 
the addition of hydrogen to cyclic basis, which is almost invari¬ 
ably to increase^ their activity, and also,their toxic properties. 
Other examples of this kind will be adduced later, bi^t sufficient 
havp been mentioned to indicate that similar alterations of 
differently acting compounds often produce similar or klenfical 
alterations in the physiological effect. 

Ehrlich considers that the selective action*ol' a compound 
for certain cells depends on the coming together of particular 
groups ip.ihe molecule in some sort of chemical connection 
gnjjh the cell spbstance. It is only when the compound is held 
to tile tissues (“ anchored ") by these groups, that the whole 
coWplex/hotecule can take effect and exert its'characteristic 
.physiological action. If, therefore! the character of these 
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special “anchoring” groups be aUered, the substance can no 
longer exert its action on these particular cells, but it rri*y 
happen that the alteration of the "anchoring^” group cjuses 
the stbstaqjse to becomj ‘^anchored” to a different set*of cells, 
and so to produce a dif^rant physiological effect. Examples 
of tfei Jtype will bo queued s%b|enuen£ly. t * ' > 

.^ese^ws mi% b(j metre Tf*,idnly understood by anu&gy 
Wittes theory of %<Hng, according to which the colour 
a ^ibspmce^is due to tee jjreseryio of Certain “ chromTfphore ” 
group^juch-as the azo group, —N = N-* while, for the coloured 
% substanffojto have dyeing*properties, it is necessarjp'or another, 
salt-forming,to > be present, by which it can be held fast 
to the fibre. A dye, therefore, must contain both a chromed 
phore grou^ and a salt-forming ^roup, tflid in the same way, 
a drug is supposed, besides containing an active groujj, Octi* 
“ pharmacophore,” corresponding to the chromophffre, to con¬ 
tain also an anchoring group, corresponding to the salt-forming 
group. * 

This analogy may be extended, and tlto phenomena observed 
m staining nerve tissues may bo Compared with the biochemical 
processes which take place between poisons and the livjng 
tissue. 

According to Ehrlich, the process of dyeing is similar* to 
that which takes place when a poison is injected into the body* 
Thus, il a wool fibre be immersed in a dilute solrtfion of pieriS* 
^acid, the colour is withdrawn from the solution and enters thfc 
fibre. The fibres of an animal tissue are regarded, in the same 
way, ifc withdrawing the dyestuff from ftio solution, and fixing 
it, if it is qrore soluble in them than in the original solution. 

If ^he dyestuff is more soluble in another solvent, e.g. alcohol, 
than iruthe tissue, then the latter can bo again decolorized by 
shaking it in alcohol. 

Now, all dy<*i capable of dyeing nerve cells lose this pro¬ 
perty if a sulphonic acid group is introduced into the molecule. 
The laulk of nerve-dyes can bo extracted from |heir aqueous 
solutions with ether, but the sulphonic acids cannot'owing jp 
their greater solubility in water, it is therefore supposed*tliat 
there are certain substances in the nerve tissues $hich ac# fcke 

ether does in the test-tube, so tlmt the strong actioiTof certain 

• • • 
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poisons’on.the brain and nervous tissues is due to their being 
extracted in the same way as they can be extracted with etjaer. 

EJjrlich’s views (have proved to fio vfery stimulating apd 
fruitful especially in recent years, agdjsomo examples off their 
application are given later in this chapter. Further reference 
to. then* will be found in the sifctkns (Jealing with Antiseptics 
anc^Organfl) Assenic (Jomjjbifods ((ip. lJ'O-l* 3). A'fMfi ac&>(fnt 
^jjould, however,'be beyond the scoptfo^ this book, ajtd foi' j^ial 
the rea«&r is advised tJ re&rljp Ehrlicfi s own writin^s, 1 ^ e *" 

A theory of the actjpn of poisons, in which tire sAgoot is 
regarded fij>m a different point of vidw, is that duetto Hoew. 
It,states that all substances which are capable of acting or 
Mdehyde or amino groups, even when in dilute solution, musl 
be poisons for living tissue, «n which they wall exert a sub 
..touting action. The greater the reactivity of a substance foi 
aldehyde (CHO) or amino (NH„) groups, tho greater will Ik 
its physiological effect and its toxicity. For example, phenyl 
hydrazin'e, C„1I S . NH . NH 2 , and bydroxylainino, NIL. OH 
which are so reactive tii’ketone and aldehyde groups, are strong 
poisons, both to plants and •animals. Aniline, (',.11,,. Nil, 
which reacts less readily with aldehydes than does phenyl- 
hydrazine, is less poisonous; and similarly ammonia, Nil., 
is Jess poisonous than hydrazine, H,N—Nil.,. Substances 
.containing tertiary combined nitrogen are usually less toxii 
khan the corresponding substance where the nitrogen is present 
in the more reactive form of a secondary imino (Nil) group 
This is exemplified by Iho fact that if the hydrogen of tin 
NH group in many iftkaloids iis replaced by a methyl qgroup 
the resulting tirtiary base is far less poisonous than tin 
original alkaloid. In the same way, if one of the hydrogen 
atoms of the Nil, group in aniline is replaced by %n alkyl 
groa^the toxicity is diminished, as the substance reacts less 
readily with aldehydes. A similar explanation** offered of the 
fact that piperidine is far more toxic than pyridine, and tetra- 
hydroquinoline far more toxic than quinoline, namely, that the 

**•»««(. med. If. (1H98), p. 1052; 1‘roc. Hoy. Soc., 66 (1900), 424; Zeit. 
physiol. Ghem.JY] (1900), 179; “Studies on Immunity,” 4. Wiley & Sons 
(1966^, 404-4;?. . 

3 “ Svnllnm rlfir ftiffiivirkiintf ” Miiniftli IWQ'I 
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reduced compounds, which contair# secondary nitrogen in the 
plat* of tertiary, havo a greater reactivity with protoplasm. 
Tips view is supported by the fact that the toKicity of substances 
with l*j>ile a^iino groups|s jncreased bj^the addition of a*secpnd 
amino group, but is lessee*! when aimimino group is changed 
into»ai» imino, Nil, gi*>up.* fl^us. para-phenylei|5-dianfijjs, 


N A, \ is Aorcj toxfc aniline. Irf general, if'the 

^chejjical c^arjjcter of ^ poison g; piai^i more labile Jiy a uf 
ch*ahg(».inlthg character flf tjie nmlecule, then it becomes more 
toxic, vice versa. An example ofethis is shown by the 
Jiydroxyb*.Scenes, in which the increased reactivity due to 
the entrance ^of* hydroxyl groups into the benuenf: ring ls # 
accompanied hy an increase in the toxichy of the substance. 

- OH 
/\OH 

Tiius, trihydroxy-henzene, pyrogallol, ' s I,10, '° poiso'nous 

than catechol, O which contains only two Hydroxyl 

\/OH’ «. 

groups, and this in turn is more poisonous than phenol (mono- 

n oji 


hydroxy benzine), j J 


The labile substance,. ammoniiUn 


sulphocyanide, is toxic to plants, but the more stable isomer, 
thio-urea, is not. Substances with carbon atoms united by 
“ double bonds” are generally more reactive and % more toxic* 
than closely related Compounds with simple linkage. Neurine* 
is more poisonous than eliolim?, and \)fcher instances of this 
kind ai^ mentioned in the next chapter. The toxicity of 
phenols is attributed to their reactivity, especially with 
aldehydes. “This reactivity is diminished by the entrance of 
acidtgroups, such as the carboxyl, COOH, and the sulphoiTic 
acid group, SO*—Oil, and this diminution in the reactivity 
is accompanied gy a diminution of their toxic power. For 
e'XCOOll . , 

example, salicylic acid, j | , is less poisonous than 


phenol, 


OH 


,011 

In the same way, saccharin, 
' 00 

e, ; n/ )nh 
so; 
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is not at all poisonous, as* the presence of the carboxyl anc 
tfie sulphonie acid groups so much # diminishes the reactivity 
of. tie imino gfoup? ■' . , 

Thel^ views of Loew v which are^b^th simple rjn'd vaky sug¬ 
gestive, can nevertheltjss only bo implied to certain- groups 


of^Substai|ces which react 


i 

--- , T -i%ldekyde and amino'grtoups 

They offer no*explanation cf ’the' selqotiv€ actioif'dft different 
tfissues^ for various drugs j aj they ard applied s^im^ly to ^oto; 
plasm, and the protoplasm cf an^ ai^l every tis^uelhaf. l<thilt 
aldehyde and amino#groups, which, according-to >&ts view 
should rea#t with the drug. Nevertheless, the theory is oj 
value in 'co-ordinating the action of 4ho vafiops members oi 
certain classes of compounds. 

A physical theory of the itetion of various hvpijntics will be 
Rscvssed in the chapter dealing with the hypnotics. 

, To retfirn to Ehrlich's theory- of “ anchoring” groups, many 
examples may be given to illustrate the application of the 
theory. In general itjis supposed that there are two kinds ol 
groups in the molecufe of an active substance, necessary for the 
action' to appear, but in some cases the active group and the 
amehoring group may be one and the same. If the anchoring 
group is altered or removed, then a different physiological effect 
from the original may become apparent if there is present a 
second possible anchoring group, which can now manifest itselt 
more stror^ly. As these other anchoring groups may effect 
different tissues from jhose effected by the original anchoring 
groups, so a different physiological effect may be produced, or 
one of the special physiological effects of the substation may 
become enhanced. 1 n the first place, the most etemieally re¬ 
active anchoring group dominates the situation. 

For example, morphine has a strong hypnotic affect, and 
the anchoring group is probably one of the hydroxyl groups, 
[f these are combined with sulphuric acid, then the mor¬ 
phine cannot become “anchored” to the nerve tissues 1 of the 


1 It should bo pointed out tliat tho loss o( the physiological Activity of 
'j*»rpliine on sirlphonation can be accounted for, from the physical point of 
new, by reason of the change of its solubility. The more Boluble substance 
•Muiot besojio “anchored” to the tissues. These two*points of view are 
jot, houCver, antagonistic, and are merely different methods of viewing 
.ho np#ne experimental facts. * ■ 
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central nervous system, and the Mssulting substance has no 
'effect at all. If the hydrgxyl is only altered by the entrant* 
Of an organic- radicle, with the formation of substances such as 
methyl ethy^j or acetyl jeiivatives, thi^ji the hypnotic $Teet is 
thrust into the backgrour^l, while the action on the respiratory 
centrtjs,* produced by morplfln “ 

^ mulh*enhinSed and%oin 


her 


mates 


ft ml to a slight extent^ becofhps 
*a tn<*pl?ysiological tiffect (codeme, 


(p, etc.^, # 

Iisthostlca^es where tile presence ol all acid group prevents 
the sul^jnce- from acting on certain tissues in spite of the 
presence ofian anchoring group, the esterification^f the acid 
group causes t^ie*physi<jlogical action to appear. To illustrate 
this, the esterifying group must of itself ulay no part in the 
physiologica^effect, which must Reside solely in the original 
substance, and only be hindered from appearing by the pre^sm£ 
of the acid group. * 

h’or example, arccaidinc has no action at all on animals, but 
areeolino, its methyl ester, is poisonous,^uid has»physiological 


II/: 

H/J 


cri 


COOH 


GH 

HoG^^C- 


CH„ 


n-ch, 

Arccaidiue. 


II., c 


-GOOCH, 


CH, 

N—CH a 

Arccoline- 


effects similar to those of pilocarpine am^musftarine. The ethyl 
cstei acts similarly to the methyl ester. 

A precisely similar example is furnished by jocaine, which 
is the methyl ester of benzoyl-ecgonine. Benzoyl-ecgonino 
itself is far less active, and is twenty times less toxic th^n 
cocaine, swing to the presence of the qarboxyl group. It is 
only when this group is osterified, that the typical actioiT r of 
cocaine appears, #nd it is immaterial by which alcohol, the ester 
formation is accomplished. In every case the typical action 
of eocame appears when the carboxyl group is masked, and 
therefore it is not the alkyl group which is ajtive, but its 
presence simply serves to destroy the effect of the ^i-oup which 
is inhibiting tl!e characteristic action of the drug. • \^ien tRft 
group is masked, then the typical '^anchoring” group cag.take 
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effect. Thus it may possibly be that for cocaine to act as a local 

( \ - 

anaesthetic, it juust bo anchored to the tissues by the N—QH 3 

.. ‘ f , * p f /s 

group, or at any rate by ( 80 me portioned the molecule other than 
t^ocalbo^yl group, but that ifjp fc-ee carboxyl group be$>resent, 
it .becomes anchored by Vhjfc (instead, and so failw^o pf^uce^ 


t its characteristic action. 

One* can thus alto!- infict^ve compounds into a^t^e oil^S' 
vice versd, or can alter the nature of the actiou'of s« 
a chemical' change 


f ^(luco t 
ires;’ or 


or can alter 
pounds by means of 


iy 

whicVritters 


e com- 
the 


group. Jn'this way, if the most prominent^roperly of a druf; 
becomes suspended or diminished, a^ comparatively masked 
property becomes developed 

v .Closely connected with the relation between tfflTconstitution 
and the physiological action of a drug is the second question,‘of 
whether there is any connection between the action and the? 
chemical changes which the substance undergoes in the organ¬ 
ism. Robert considers that the Strength of the action of a drug 
is in no way proportional to V.ie amount of the chemical change 
\yhich it undergoes in the organism. For instance, very active 
substances,like atropine and strychnine, pass through the body 
practically unchanged, but an inactive body like tyrosine is 
completely oxidized by the organism into carbon dioxide and 
water. Cqpversoly in tins case of many compounds, it can be 
seen that when they have an effect on the body, they have 
undergone a chemical* 1 change. This is also the case with 
many physiologically active organic compounds, which often 
show a ehemida! alteration in the organism. It would therefore 
seem as if there were no relation between the changes under¬ 
gone by a drug and its physiological action, but nevertheless 
so«e facts can be citeel against the view that there is absolutely 
no connection to be traced. 

It has been pointed out, in discussing the relation between 
chemical constitution and physiological action, that wide gen¬ 
eralizations cannot be drawn, and that it is only in tne case 
Sf *closely related compounds that relationships can be traced. 
k*the san^; way, with regard to the relation between chemical 
'hanne and physiological action, connection can be found 
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in certain cases of closely related compounds. In many cases 
physiologically activo compounds show a degradation of th# 
molecule, awl these '•same, substances, if Ahey„ aro made, go 
resistant tfi^t they no Jonger suffer any alteration the 
organisjn, then become inactive. For example, xanthine has no 
tonic* tw^ion on the heai^ mAscfc, but theobromine ^imethyl- 
jXanSrtno) $trtS a slight tQnic*ael<%i,*and caffeine (tri-metlvyl- 
xan (line) ihas a still 1110V *fnarked tonic action* from which ity 
wifi i)e^scc^i tliat the addtyon of pjetfiyl | roups to the nitrogen 
of xant^m aitds a special aclion on the^ieart to the ordinary 
nhysiologifM action of xanthine. Experiments, msufb to ascer¬ 
tain the fate of th#s# compounds in the organism, shout that the 
products of mi*abolism found in the urine after the administra¬ 
tion of caffeine and theobromine contain xanthine bases, poorer 
in methyl groups than the substances originally administered." 



Xanthine. 


Theobromine. 


CH ;{ —N-CO 

t *< H « 

s' • 

(HI (I— N 

I ! \ 

on 

I ! # 

CH, N-C— N * 

Caffeine. 

• 

This indicates that the methyl groups have been split off in the 
organism. In experiments on dogs, caffeine gives first theophyl¬ 
line andfthen 3-mono-methyl-xanthine, smaller quantities of the 
two other di-methyl compounds, theobromine and para-xanthirf8? 
being also formid. 1 In man it is degraded into thetjih^lline.* • 
1 Kruger and Schmid, He.it. physiol, ('horn, 36 (1902), 1, 
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Para-xanthine. 

In both cases, ther^'ora, wo have a splitting off of some of the 
methyl groups, the groups which appear to bo responsible for 
t ( he tonic action on the heart. This case indicates that there 
is sometimes a relationship between the physiological action 
a,nd the changes undergone by the substance in the organism. 
, Another well-known instance is afforded by the sulphono de- 
— rivatives, tjje hypnotic action of which has been shown to be 
< connected with the presence of ethyl groups in the molecule. 
The methyl derivatives are inert, and pass through the organisfo 
unchanged; the eth^l derivatives produce sleep, and a*e almost 
completely decomposed by the organism. 

In the case of the alkaloids, it is very difficult in most cases 
to obtain any knowledge of the mechanism of their ajCtioit, and 
generally they seem to pass out of the organism for the most 
1 part unchanged. Hence it has been assumtd that the action 
of some of these is “ catalytic,” an assumption that explains 
nothing. Another view is that the small portion of the alka¬ 
loid that cannot be recovered from the body has undergone a 
Chemical cha'nge to which its action is due. 

• .Compared with food-stuffs, most drugs aro destroyed by the 
organism with difficulty, a^id they, owe their activity to this 
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property, but if they arc absolutely resistant they are quite 
•inactive. Those substances which have a specific action must 
bo fairly resistant, otherwise they would react ufith all proto¬ 
plasm. In'tjjo synthesis of drugs wo make use of this p^ibporty 
by confpjring'an artificialVesjstance on fhe synthetic substance, 
so a% t<* prevent it froqj reacting too suddenly, anjl also- to 
prermnt it^f*#m reacting with ajltyi^uos, so that it does hot 
sho\I undesirable by-effc|;tS. For this reason,’all substances, 
wbicj) ear^ react with evt^ry kind p{ ^iss'ie cannot be uSod as 
drugs, ijftless^thc reactivity®is artificially diminished, or the 
dose madultyery small, in \^bich case they can be.iijlrdo useful 
(e.g. formalifolYdij, Jrydrocyanic acid). • 

In some substances tfie physiological effect seems to be duo 
rnoro to the steroo-chomieal configuration than to tho chemical 
constitution.” One general instance will be a sufficient supperi, 
fot this statement. It has already been pointed out' that all 
Ammonium bases have a paralytic action on the motor nerves, 
and that this action is quite independent of the, structure of 
the rest of the molecule. Even the prose ice of nitrogen is not 
necessary, as a similar effect is Shown in those bases where 
tho nitrogen is replaced by phosphorus, arsenic, 01 ; antimony 
and it therefore seems that the effect is due to the configur¬ 
ation of the ammonium, phosphonium, or arsonium group) 
this being a three-dimensional (space) one, while that of tho 
original amines almost certainly lies in one plane. -> This viow 
is strongly supported by the fact tha,t dffnethyl sulphide, 
(OHjl-S, and diethyl sulphide, wtiere tho sulphur is divalent, 
and wh*ro the configuration must lie in one plane, are 
practically inert, but that tri-methyl sulphonium hydroxide, 
(CH 3 ) 3 SOH, and trimethyl sulphonium iodide resemble thp 
ammonium bases in having a curare-like action on the motor 
nerves, fn these compounds, where the sulphur is tetravaleht, 
its valencies are cystributed in three dimensions, as shown by 
the fact that optically active sulphur compounds of this typo 
have been prepared.’ 

1073 SmU ° 9 ’ J ' C ' S ” 77 ( 1900 )’ 1171 ’ Po P° ttlld I,oao,1 °y, «f" 9. S„ 77 (1907)p 
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TllE EFFECT OFIVAKJthjS ELElfENTS ANl) ^AfflCLlfs.- 

fj , 

Inorganic Elem© its..In 1839 Blake 1 noticed fhat the 

action of nits, injected into the blood, depended Sidy on thy 
£lectro-]'ositive half, and hardly at all.on the ojeotro-nogative. 
This is analogous the action of most esters, which generally 
resembles that of the alcohol from which they are. derived, the 
explanation in both cases being that acids are usually physio¬ 
logically inert. hater on - it was shown that in any given group 
of isoryorphous substances the action is similar, and is usually 
increased with increase in atomic weight. This was shown to 
be the case with Id, Ha, lib, (Is, Ag, T1; and with Mg, Mu, Co, 
Ni, Cu, Zn, Cd, and with fta, Sr, Ba. The only exceptions 
found wore in the case, of potassium and ammonium, which 
differ from the other isomorphous substances of the group. 
But these salts are also exceptions to Mitscherlich’s law that 
isomorphous substances have similar spectra. It was therefore 
supposed that physiological action depends on intramolecular 
vibrations in the sanye way t as the spectra depend on those. 
The statement inaije above that isomorphous elements have 
a similar physiological effect, which becomes stronger with 
increase in atomic weight, only holds good in the case of electro¬ 
positive elements ; in the case of negative elements, such as the 
halogens, there is no .relation between physiological effect and 
atomic weight. Elements forming two senes of salts show 
different effects, according to which class thcAailt belongs, ferric 
salts, for instance, differing considerably from ferrous. In 
many saltixthe action appears to be due. to the ions into which the 
£^lt dissociates; for example, potassium ferrocyanide is excreted 
for the most part unchanged, and has neither the action of a 

1 i ; . ;f„ 8 (lfl*>), 875; l'roc. Roy. See., 4 (1841), 155, 281, 285. 

<t '‘lkr., 14 (1881), 391. * * 

■ ifi 
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ferrous salt nor of a cyanide, and similarly sodium plaiitinc 
■ cyanic, which is found unchanged in the urine, is almost fre 
from poisonous effects) thrifts differing both (rom f the cyanide 
and the.platiijum salts. • • 

The tffiect of ionization ^ strikingly indicated by the mercur 
salts., l^ercuric chloridij, H^CL, is ionized and ^xtrSmcl 
poiscaous, J^y/the cj%nido, U£(CjSl^,, though soluble, is alm$s 
* non-'ilnizei And is far AisS poisonous. The •insoluble ant 
praftticajiyV>t^J-*onized nf^rcurous£nlTIor^fe (calomel), iTgCl 
is coinpa’ftitivcry non-poisouotfs. ^ 

PhosphoVUum, arsonium,find stibonium bases do *not shov 
the action of the, qther phosphorus, arsenic, ancf aptimon; 
compounds. On the contrary, those compounds resemble tht 
substituted ammonium bases, such *s thoso^present in curare 
in having a paralytic action on the motor nerves. In thesi 
caJos we do not get the characteristic action of the poisonous 
Elements themselves, but rather one resembling the analogous 
compounds of the indifferent element nitrogen. 

Radicles and Elements h^Ouganic Compounds. 

> Action of Hydrocarbons and Effect of Alkyl <Jroups.- 

According to Sehmiedeberg 1 the action of aliphatic compounds 
is governed by the following rules :— 

The physiological activity of substances (especially aliphatic) 
depends chiefly on physical properties. The readfuess with 
wljich a substance is absorbed is, a very important point, as 
obviously a substance that is not absorbed qau have no action 
on the system. Volatility and solubility in watei^aro of great 
importance, a*fact which is illustrated by the paraffin series, 
the lijwer and more volatile members of which show the* 
characteristic narcotic effect of the hydrocarbon groups, while 
the insoluble non-volatile higher paraffins are without any 
action at all. 

The following rules show the effect of substituent alkyl 
groups :-r 

(1) Very poisonous radicles, on substitution by simple alkyj. 
groups, lose the ^density of the original character of (jj^group^ 


A. e. P. !•», 20 (1881V, Ml. 
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For example, by substituting alkyl radicles for the hydrogen of 
HON, the nitriles, RON, and isonitriles, R—N.™ C, are obtained, 
and only become poisonous when lICN 1 is split,off in the or¬ 
ganism. Also cacodyl oxide, (CH 3 ).,As—0—AsfCH 3 ),,, where 
the oxygen of arsenious oxide is rqpty ced by two Ynethyl groups, 
does hot ( show the characteristic!arse)lie effect until af^er^t has 
begun to decompose in tlio^ifdy: < ' , 

(2) On the'other hand, the effect! of the alkyl .group 1 ;;'can 

be lessened or altoge(<iei f 'lokt by combination w|fK pthyr atoms 

or groups. For instance, the ainines of the fatty series (e.tj. 

mono-, dl-^ and tri-methylamines) behave like ammonia and 

have np narcotic action. Nevertheless,, tjm first rule holds 

in this case as well, as these amines are less toxic than 
(i 

ammonia. 

, (3) When a compound is formed by the union of two groups 
through an oxygen atom, then the physiological el'lpct depeilds 
upon the nature of the two components, each of which, acts 
independently of the other, in those cases where both parts 
of the compound am similar or equivalent alkyl groups, as in 
the case of the simple and mixed ethers, then the action of 
fee whole compound is a simple one, and these substances re¬ 
semble the corresponding alcohols in their physiological effect. 
To this class of substances should he added those esters the 
acids of which yield neutral (sodium) salts without any specific 
physiological' action. For this reason, acetic ester and its 
homologues are'Jassed with the alcohols, if, on the contrary, 
the acid has a specific action of its own, then this becoihes 
apparent in the ester, and exerts a modifying influence on the 
physiologicafeffect of the alkyl group— r.ij. amyl,nitrite. 

These rules of Schmiedeberg are of value, not only in 
summarizing the effect of alkyl groups, hut, as can lift seen 
above, are also useful as applied to other groups of substances, 
especially the ethers and the alcohols, the effect of which is due 
to the alkyl groups contained in them. 

The hydrocarbons of the methane series are, as would be 
expected from their chemical nature, less active physiologically 
than those of the ethylene, acetylene, or benzene series. The 
fewer ^h^jpbers, when inhaled, produce anmsfihesia and sleep, 
anjl, in larger quantities asphyxiation. The toxicity and the 
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strength of the narcotic action increase as the series is ascended, 
but «n further ascending the series, the action diminishes owing 
to {heir diminished vhlatifity and solubility,' so that the higher 
members are^juite inert.„ The member^ of the ethyle^!? series 
have a|simitar narcoticlaotion ; amyjene, C f ,H 10 , resembles 
chloroform in its narcotic pfopprties. _ >; 

, The bentpi’ne hydrocarbons h^vl s? paralysing action on ’the 
niotc|f neJvfs, tyid a morts Noteworthy action on” the brs^n and* 
eof'd, oau®!)^ lethargy arjd somnolence J Bromobenzeifo and 
chlorob|nzene.act in the same way as berfmne itself. Naphtha- 
^jene, C 10 lfj;Js less toxic than benzene, but slows th^Vespiration 
and, in fever, lyw#r« the^temperature. It also has the«propcrty 
of decreasing nitrogen metabolism. Diphei^i is physiologically 
inert, while thiophene, furfurane a!5d pyrrol resemble benzene 

to a certain extent. . *" 

• * 

I;ffeet of Alkyl Groups.—Some of the effects of intloducing 

alkyl groups into a compound have already been mentioned 
in connection with Schmiedeberg’s rule^ but th#re are many 
different effects to which attention may*be given. The con¬ 
vulsive properties of ammonia at€ diminished by the entrance 
of methyl groups, trimothylamino being free from these effeefa 
In aniline, replacement of the hydrogen of the amino group 
causes diminution of the convulsive properties as with ammonia, , 
but replacement of the hydrogen of the nucleus by methyl 
groups causes an increase in these effects. The •narked in¬ 
fluence of the entrance of metljyl groups Nito the xanthine 
molecule has already been pointed out. The foregoing ex¬ 
amples sflow that the addition of a methyl group to a nitrogen 
atom can prqjluce very diverse effects, and a simitar variety can 
be found in the effect of the methylation of an hydroxyl groui^ 
The alkyl, ethers of the type II. 0 . II,. where K represents 
an aliphatic hydrocarbon radicle, are distinguished by their 
resistance towards oxidation, and physiologically they show a 
marked hypnotic action, as in the case of ordinary ethyl ether, 
(XHj—0—~C.,II 6 . This hypnotic action is also showj} by many 
other compounds containing an ethoxy group, —O—CJ1 5 , such 
as ethoxy-caffeine. 

In many easel, replacement of the hydrogen of aj? l^’droxji* 
group by a methyl group diminishee the physiological activity. 
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c OH 

Por instance, catechol, ( ~) >OH, is more poisonous «than’ 
oOH - 

gug,iacfyl, <_>OCH 3 , ( and this in .turn is mgre pojsonous 
OQH, . F 1 l 

than veratrole, _^>OOH 3 , ^nd 1 ortto-methoxy-ben^ic^aeid, 

J..OCH 3 ' c -(>(.' ' ^ f % , 

<<C /pOOH, and anisic acid, (?HI,0 ^ ^ COCyjt’ art/ less 
I " r OH fr V " 

- t 

active than salicylic ft,cid, \ _/CQOH. On the other hand, 

in some ca^'S the activity of a compound is increased by thi*> 
, ftiethylatiou of an hydroxyl group, h’or fnStapce, di-methyl- 
resorcinol is extremely poisonous, far more so than resorcinol— 
OCH.. ' OH 


VOcn 3 kjon 

In too cases, the methylation: of a hydroxyl, and even 
more often of a caij oxyl group, may cause a very marked 
change in the physiological action of a compound, owing to the 
njethylation producing a new anchoring group for the molecule. 
It has already been pointed out how the entrance of an alkyl 
group into certain acids often causes the full appearance of 
, certain previously masked properties, as in the case of cocaine, 
arecoline, gtc. Possibly a similar explanation may he given 
of the antipyretic action of phenyl-dimethyl-pyrazolono (anti- 
pyrine), phenyl-methyf-pyraAdono being inert. 1 

CH— C '(111 <11 C Ufll 


CIL—N GO 11—N * GO 

\ / \ / . 

N—Gjr. N .(-,,11. 

Phenyl-dimethyl pyraz'ilone Phenyl-methyl pyrazolone, 

(antipyrine). „ 


In the chapter o*i hypnotics, reference is made to the 
important of ethyl groups in the hypnotic ketones and sul- 
( jjhones, in \yhich compounds the ethyl groups seem to have a 
marked influence in causing the hypnotic character to appear, 
% \feerea^methyl groups are entirely without thfs influence. In 
fact, there appears to be a marked difference between the ethyl 
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and methyl groups with respect t<^ their action on the central 
nervous system, for which the former seem to have a sjiecioJ 
affinity. Ot}ier groups of compounds show similar relation¬ 
ships. An'interesting experimental restflt points to tjto same 
conclusion, it hijs bo<\ s,hown that’certain dyes containing 
the diethyl-amino group, N^C.JI ;> ) 2 , possess the property of 
dyei»g tri<^»ifrve filS-es, hut the j!C|-r«sponding dyes containing 
tho’feimclhi'l-amino group,•N(OH ; J a , do not hatfe this property 
(lihdigh 1 H 1 u^ufichael is) .* 

Anorfhr example of ?he* dinerenoc |oerween ineuiyi ami 
ethyl gr&ips is furnished by para - phenelol - Carbamide, 
C.jII.O . C,.n. l< NJ^. CO . NII 2 (Dulcin), which is ^vo.hundred 
times sweeter than sugar, whilst the corresponding methyl 
derivative, OH ;i O . C, ; II r - NH—C@ -Nil.., is tasteless. 

The entrance of a phenyl group often produces a marked 
change in the physiological action of a compound, hut the effect 
‘varies greatly in different cases, and no general rule can be 
given. , 

Effect of Hydroxyl Groups.—The uilfrance of an hydroxyl 
group into aliphatic compounds Usually produces, a weakening 
of their physiological activity, and this weakening effect *is 
roughly proportional to the number of the hydroxyl groups. 
For example, the narcotic and poisonous alcohols give rise to 
the inactive glycols, glycerol, mannitol, etc., and from the • 
very active aldehydes are obtained the less active»ildols, such 
as 

* ,du 

Gil,—CH( 

X CH,, .C1IO, 

and by the entry of more hydroxyl groups, the totally inactive 
aldotes (glucose, etc., OIL,. OH(CH . OH), . CHO). A similar 
effect is often produced in many other compounds, for example, 
caffeine, the physiological effect being lost in hydroxy-caffeine. 

In the aromatic compounds, the entrance of a hydroxyl 
group usually causes an increase in both the physiological effect 
and thtf toxicity. The entrance of a hydroxyl group in benzene 
itself causes a great increase in the toxicity, together with tfie 
appearance of tAe strong antiseptic properties for wdWjJJi phe*c# 
is well known. In the eas# of a nnjre inert aromatic substance 
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such as benzoic acid, the entrance of a hydroxyl group is .again 
accompanied by an increase in physiological activity, ojtho-- 
hydroxy-benz<?ic acid (salicylic aeidj having well-marked anti¬ 
septic 1 properties as well as an apparently specific action in 
rheumatism. ^ , t r *' /• 

The large number of facts Jmt'wn ,jis to the actiongof icom- 
porfnds containing a hydroxy 1 gfoup do viot leiid themselves t 
t to the view that this group has an f !iction of its ownfi but jihey 
point lather to the fac that |t very often perform" 'the fyncttan 
of an 11 anchoring ” gryip. The niodilication of such groups by 
esterification or alkylation neutralizes or alters the effect of these 
groups iij “ anchoring ” the substance to a pij.rjicular tissue. If 
‘ an acyl group enters the hydroxyl group (esterification), then 
various different effects may ho produced. In those cases where 
■khf} ester is hydrolyzed in the organism, its action is duo to that 
of the original hydroxylic substance, together with that (if any) 
of the sodium salt of the acid. As the greater number of acids' 
are inert, the action of most esters is due to a delayed action of 
the alcohol from which they are derived. In some cases, the 
esters do not appear to be hydtolyzed by the organism, and they 
then do not, behave in the fashion indicated by the foregoing 
statement. For example, triacetyl glycerol (Iriacotin)— 

CH,—O—CO—OIL 

, cn—o— oo— err.. 

• I, 

GIF—o-co-cir., 

does not show,the action of glycerol or of sodium acetate, both 
of which are practically inert, but possesses a spccSic action on 
the nervous system, and is poisonous. Glyceryl ether— 

' CH,—CH—CH, 

! " I I 

0 0 0 

I J I 

CH.,—CH—Oil,, 


*iS also an hypnotic, this being an example of the fact that alkyl 
oofnpourjlyof this kind, obtained by the addition of an alkyl 
residue to a hydroxyl groujp often jhow hypnotic properties; 
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for example, ethoxy-caffeine. In the case of the ethers, such 
as ordinary ethyl ether, the narcotic properties are strictly in 
accordance wjth the dose*resemblance between f the ehemieaf 
properties Of the ethers and the parent hydrocarbons.them- 
selves, ^he itarcotij action _ being simply that of the alltyl 
groups, stated by Sclpnieieherg in the third of .his* rifles 
n (loc.mt.). • * , | • . ' 

Ot|ier »e|iditions being •equal, primary alcohols are loss # 
active ,Jihira secondary, afid these Jirtfin|turn less activ^ than 
tertiary* In homologous ierfts, those mnnbcrs with long side 
chains aretin general more? active, a rule which also holds for 
benzene derivatives with side chains. The chief a<#ion of ethyl 
alcohol is on tire nervous system, the narcotic effect being pre- • 
ceded by a loss of control of the higher eemfes, an effect which 
has led to the mistaken belief that alcohol in small quantities 
aSts as a "stimulant.” Although the subject is somevghat’eon- 
’troversial, the balance o[ the pharmacological evidence suggests 
that there is no justification lor the medicinal use of fllcohol. 
An excellent account of modern pharmacological opinion on 
this subject is given by Gushnf in Science Progress, No. 8, 
April, 1908. ft is there suggested that if alcohol had been 
introduced as a modern synthetic remedy, it would probably 
not have survived more than six months, owing to the faot 
that any of the desirable effects produced by alcohol can bo’, 
produced by other drugs with greater certainty. r £he action of 
the higher alcohols resembles that of cthyi alcohol, but the 
intensity increases as the series Si ascended. 

Rffecfc of Halogen in Organic Compoifhds. —The most im¬ 
portant effect of *the entrance of chlorine into *he molecule of 
aliphatic compounds is an increase in their narcotic action, 
but this fisclul property is accompanied by an increase in theft* 
depressant action on the heart and blood-vessels. Narcotic 
action and lowering of blood-pressure appear to be general 
properties of chlorine compounds, and an illustration of the 
laet that narcotic action, and also the toxicity of chlorine com- 
poundt depends upon the amount cf chlorine in the substance, ■ 
is furnished by the chlorine derivatives of glyceitne. GlycwTol* 
itself is inert, Iput the chlorhydrins have a nareotic*aetion, 
dilate the blood-vessels, Ijiis effect being the gre'at't in the 
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case of trichlorhydrin, CH.,C1—CHC1—CH 3 C1, and least, in the 
^ase of monochlorhydrin, CH 2 C1—CH(OH)—CH s OH. r 
This fact js also illustrated b/ methyl chlpride, CH.,C1, 
methylene 'dichlorido, CIL.Cl.,, chloroform, CHCl.,,'and carbon 
tetrachloride, CC1 4 , a series in whieii/increase ii/the amount of 
chlpriiie is accompanied by incueasc^l narcotic actiorj, aiad in¬ 
creased toxicity. But in *1 y, pse-of the cMorinateddattyeicids, 
,the toxicity decreases with incrcauc of chlorine, tvrii -hlorrfc'etic 
acid Ijeing practicallr ndn-fyixic, while monoclil<^a</etic,.acid is 
strongly poisonous. The chlorina'«ed''fatty acids are alsfe anoma¬ 
lous in another respect, as the naTuotic action of trie sodium 
salts of theVatty acids increases with rise of,.molecular weight 
'■from acetic acid to valerianic acid, while in the case of the 
corresponding chlorinated acids it diminishes with increase of 
molecular weight. 

In chkiro-caffeine, there is an antagonism between the tonic 
effect of caffeine on the heart and the depressant action of the 
chlorine, and, it is found that the tonic effect of this substance 
is less than that of J/.iffeine, Imt the diuretic effect and the 
stimulation of the brain due to caffeine are not affected. 

,.The entrance of halogen into the benzene nucleus produces 
only a slight change in the physiological properties. None of 
these derivatives have an anaesthetic or hypnotic action, hut 
> there is usually an increase in antiseptic power. In general, 
there is a c^ose resemblance between bromine derivatives and 
those of chlorine* both in the aliphatic and aromatic scries. 
Organic iodine compounds differ from those of the other bald- 
gens in respect of fneir increased antiseptic power icul their 


diminished hyf.notic properties. (Compare chloroform, bromo- 
form,|- iodoform.) The toxicity of the iodine compounds 
nfarkA leeds that of the analogous chlorine and brofnino 

compel ’it this Has not seriously hampered their use as 
antisem a very large number of iodinefccompounds have 

been pi\ - this purpose. 

Effect ( and Nitroso Groups.—The entrance of a 

nitro (Ni (NO) group in general causes a /narked 

irftjrease ’Vypnotic, this lependently of whether it replaces a 
kyjlrogeriiof this kind, tleus or one in a hydnflty] group. 

The afi^ hydroxyl grouse rise to dilatation of the blood- 
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vessels, and are therefore used to^ower the blood-pressure. 
The strength of this effect diminishes in descending the series, 
from amyl nitrite to methyf nitrite. All the nitriles act in this 
manner, the secondary and tertiary being stronger ig* their 
action t|an the primary, probably owinjj to the fact that they 
are mereyreadily hydrolymid t*> alcohol and nitrito. A similar 
$olioi# is’shottn by*the esteTs jfyiihric acid, uitro-glyceiln, 
CH 2 (^NOj\fifl(ONO;,)—#111 4 (0 .NO,), and drytlirol tetra- • 
nitfate .being^largely use*! in nujicfnegto dilate the lilood- 
vcssnls. 1 * * * I 

AliphatidlnitrO-compoimcfs, such as nitre-methane; tvhich are 
isomeric with l^ie •fcyi nitrites, 


li Nf' or K | ~ K—O -N O 

O M) 

• Nit.ro-compound. Nitrite. 


• 

differ from them in their physiological action, being poisonous, 
but without the property of dilating the blood-vessels. 

The entrance of a intro group into aromatic compounds 
usually increases the toxicity, nitrobenzene, nitro-naphthol, and 
nitro-thiophene, for example, all being more poisonous than thS< 
substances from which they are directly derived. Paranitro- 
NO„ 


toluene, , is not very poisonous, because it is qpidized to 
Oil 

NO, 

para-nitro-benzoie acid, (^] , which is then eliminated as para- 
GOOH 
NO, 


nitro-hippuric acid^ 


I . As is usually the case, the entrance 

\y 

CO—NH—OIL—GOOII 


of negative groups diminishes the toxicity, the aromatic nitro- 
aldehydts being non-poisonous, as they are readily oxidized to 
the inert nitro-acids. 


1 The workers employed in explosive factories often sulfur nuuunu 
caused by tho vapour of nitro-glyfceriue (“ if.G.” headache). 




36 


SYNTHETIC DRUGS 


Effect of Basic Nitrogen Groups.—The entrance of basic 
f nitrogen radicles into aliphatic or aromatic compounds, pi the ■ 
presence of nitrogen in cyclic bases'can-produce very important 
pharmacological effects. The nature of these varies greatly in 
different cases, and a^ this point onfy a hpv featifros cf interest 
wvll be referred to, as the subject wiW be considered frens time 
to.*time in th« special pal-y>fj-the''book. " ^' f « 

The convulsive action of ammobia and its disa/tfearapee on 
the Entrance of alkyl groupn has already been referred to. ‘Re¬ 
placement of the hydrogen of Ummonia by acid grpups also 
diminish® the activity of the substance, and pri’duces iner^ 

■ compounds 1 which are found unchanged in the urine. 

For example : v 

Carbamic acid, Nil,—CIO—Oil, is poisonous, probably on 
account of its unstable character, but its ester (urethane), 
NH,—CO—00,11,,, is more stable and has a hypnotic action. 

Hydrazine, Nil,—Nil,, is far more toxic than ammonia, 
but the tetr/v- and pento-mcthylmio diamines, NII. ! jCH»] 4 NH 1 
and NIL[CH 2 ] 5 Nfit) are quite non-toxic. Ilydroxylarnine, 
NH,—OH, is very toxic on account of its reactivity with 
aldehydes .(Loew’s theory), and hydrazoic acid and its sodium 
salt are very toxic. The action of oximes resembles that of the 
’aldehyde from which they are derived together pvith that of a 
nitrite, the NOH group probably being oxidized to a nitrite. 

Acetoxino lowers the blood-pressure and has a narcotic 
action. * , 

Guanidine is toxic, owing to the presence of the labile imino 
Nil, « 

(NH) group,"IIN -G{ ; and evanamide. ON—Nil,, has a 

'NII, 

‘toxic action similar to that of guanidine. t 

The salts of the 1 platinum-ammonium bases ol the type, 
(NH.,),PtCl„, resemble the other ammoniunj bases in having a 
curare-like action. 1 

Very great interest is attached to the experiments that 
have been made on the effect of the entrance of au amino 
^roup into the benzene nucleus, as they form the basis of a 
»]prge rjjwber of antipyretics and analgesics.* Amino-benzene 
1 Hofmoister,.!. c. P. 1 16 (1883), 393. 
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(aniline) resembles ammonia in matjy respects as regards its 
physiological action, but it also resembles benzene in some of, 
its properties.. It caflses Convulsions, but also*paralysis of 
muscles and nerves, and if one of the hydrogen atoms ^ff tbys 
amino gi^up }fe replied by an alkyl groitp, the convulsions no 
longer* amiear, but only th« paralysing effect remains, if one 
ijf the tlydaoi'en atom^ in the nucltui^o? the anilin# molecule 6e 
replaced byy%imo>fe atom, sufch as b^om ine, the convulsive effect 
is rStaifjo^, anj| if it is replaced byvmCkil group the efl&ct is 
increase^; but if a complex jfroup, especially an acid group, 
(inters the Nucleus, the effect is lost, as for oxample^fb amino- 
* % *. /Nil, 

benzenc-sulphonic acid, . Another property of all 

X S0 3 1* 

these derivatives, such as aniline, is that they have a strong 
totfic action on the. blood, forming methmmoglobin. The 
entrance of a second amino group into the benzene nucleus 
causes a great increase in the toxicity, all three phen^lenc- 
diamines, C, ; 11_, (NIL),, being extremely j^Jisonous. 

While all the aromatic derivatives of ammonia and hydra¬ 
zine possess the property of lowering the temperature of tht| 
body, alicyclic-totrahydro-/i-naphthyIamine, 


Oil OH., 

IIO/\/\CH—Nil., 

|| fd I 

II C\^\/C!l, 

on 011, 


produces a marked rise; in the body temperature, ami an increase 
in the albumin-metabolism. Substances containing tertiary 
nitrogen ar# often only slightly toxic, and ^are frequently with¬ 
out any effect at all. In many cases, if the tertiary nitrogen is 
changed into secoiWary by reduction, powerfully active sub¬ 
stances are obtained. 

The change of compounds containing tertiary nitrogen into 
substances with a curare-like action on conversion into am¬ 
monium bases has been mentioned in the previous chapter, ancT 
will be considerect again in connection with the alka l#f%. '■ 

Effect of the Cyanogen Iodide.-*-IIydroeyauic acid, H(JN, 
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is well known as an exceptionally strong poison, and this (act 
is probably connected with its great chemical reactivity, The 
action of cyanogen is similar, but duly about one-fifth as power¬ 
ful. ' Jn general, the isocyanides (isonitriles) cause paralysis of 
the respiratory centrp, and the truef cyaiydes (nrtrileif) produce 
cDma. In this respect, therefore, thj behaviour of hydrocyanic 
afiid resembles that of a'VyspeyaYiidc (UNO) rather f.iaw that of 
a true cyanide (RON). Neither the nitriles nor imje isopitriles, 
however, show theuintensdy poisonous actiorjf of lICN, l this 
only becoming appjdent when iIGN is again liberated by the 
organisnt. Tin 1 lower members of the series of fttty nitrile^ 
. Oil.,—ON\'nd O.jTl,,—CN, are less poisonous /.han the higher 
members. Cyaiyxcetic acid, ON -011^—00011, is practically 
non-toxic. Cyanogen chlbride, CN—Cl, is very poisonous, as 
it readily yields HON. 

Pota’ssium sulphocyanide, KCNS, is weakly poisonous for 
warm-blooded animals, hut sodium nitroprusside, 

ij Na.,Fe(CN),N(), 

causes death with the appearance of prussic acid poisoning. Tu 
; sodium ferroeyanide, Na 4 Fe(ON)„, neither the iron nor the ON 
group has any physiological action, and sodium platinicyanide 
shows no poisonous effect, though the ordinary platinum salts 
are very poisonous. 

Effect h)f Aldehyde Groups.—The physiological action of 
aldehydes appdars te he closely related to their chemical re¬ 
activity. Formaldehyde, 11.0110, is very reactive, and has 
a strong irritant action on the mucous membrane?.,, together 
with powerftll antiseptic properties and a hardening action on 
the tissues. Acetaldehyde, OIL,. OHO, shows the action of the 
aldehyde group combined with that of the methyl group, as it 
produces an excitation followed by anaesthesia. The action of 
its polymeride, paraldehyde, (0 2 1Iis,stronger and more 
continued, and that of the higher polymeride, metaldehyde, 
(Off r.,0),,, is more toxic. 

By the entrance of hydroxyl groups into the aldehyde mole- 
"cule, and also by the condensation of these substances to form 
•aldols,/*?!('. reactivity of these bodies is appreciably depressed, 
an(l so also is their physiological action. The sugars, for 
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example, are physiologically inert. Most of the aromatic alde- 
bydes # are of low toxicity, as they aro readily oxidized to the. 4 
corresponding.acids, which*are usually very inert. It is only 
in the case’of strongly irritant substances that'poijftnous 
propertied apjASlr, owing t® tljeir action pu the mucous mem¬ 
brane* i # • * » 

Effect Kitone^— -The Ifetones in general possess ph;p'- 
maoolpgicalproperties similar to Those which characterize the 
corresponding (alcohols, t.e. they ijw? a jiarcotic action* In 
the caso*of the aliphatic Retries this isffairly well marked, 
on aceounfcof the alkyl groups, and a liypnotic»<iction is 
also shown b^ tlje, mixed ketones, such as a abfop]^ enono,, 
—CO—Cii| (hypnone). A large number of hypnotic 
substances of a more complex constitution contain a ketonic 
group, usually together with an ethyl group. These will he 
discussed in the section dealing with the hypno^bss. • 

' Effect of Acid Groups.— It has already been pointed out 
how the entrance of acid groups into the molecyle causes a 
marked decrease or a total cessation of thuj^hysiological action. 
Phenol, 0,(1,—Oil, is poisonous,’but phenyl-sulphuric acid, 

C„n.,-~0.BOa—Oil, is harmless. Morphine hys a very 

powerful physiological action and is very poisonous, hut 
morphine-sulphuric acid is quite inactive. In both these cases 
the diminution of the physiological effect is accompanied by 
the disappearance of a free hydroxyl group, the hydrogen of 
which is replaced by the SO. Oil group. I t*might therefore 
lie thought that this change is *lue to the removal of the 


uichor»j)g*group, hut the entrance of acid groups has the same 
.‘licet in many substances whore it produces no diinnge in the 
anchoring or active group. For example, substances containing 
1 nitiTi group are strongly poisonous, hut the entrance of acid 
groups lowers or destroys the* toxicity without altering the 
litro group. For .example, Martius yellow (dinitro-uaphthol) 
s markedly toxic, hut its sulphonic acid (naphlhol yellow S) 
s harmless. Nitrobenzene, 0,;TI-—NO,, is poisonous, hut nitro- 
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o 


r /OH . 

oxygen, both C„Hj—0—SO.,—0H and C 0 H,( being 

, , ^SO^.OIf 

Innop.uoug. * * 

rh fS entrance of cat boxy 1 (COOI|) groups ii;tp the^aromatic 
njickius is of great importance froig thef point of view of the 
synthesis of drugs, as it generally lowegj the ''.oxicay |o very 
m uch. Benzene itself cal! v ’e tolerated in doses d*.light grams 
per day, but from twelve '.o sixteen 1 grams of b^enaoio acic^per 
day can be elimina, id by the organism as hippurio. acid, and 
still larger quantities can he administered with’ouffoxic effects, 
r fhe excess being eliminated unchanged. 1 Aniline, which is 
1 more toxic than benzene itscif, is rendered practically harmless 
by the entrance of a carboxyl group, meta-amino-benzoic acid, 
d>|NH., 

l^J > being well tolerated by the organism. 

cooii 

r 

On the other hand, physiological properties which have been 
lost by the entrance of acid groups can be restored if these 
groups are esterilied. For example, tvrosine, 

coon 

Jio<_3C]f,-cn / 

NH, 

is not poisonous-, but t^ie hydrochloride of its ethyl ester has been 
shown to bo strongly poisonous when administered to dogs. 2 

Tim addition of acid radicles to active basic substances is 
of special importance for the preparation of synthetic drugs. 

( This is especially the case with regard to the acetylation of the 
amino group. By this means, tire basicity is weakened and 
the action of the substance retarded, as it is only after hydrolysis 
that the active basic portion of the compound becomes free 
to exhibit its physiological elfect. The acid group is usually 
, physiologically inert, and the choice of the particular acid 
Xoup to be used to combine with the amino group is governed 
^ule, a\v by the physical properties of the compound thus formed. 

Aldols,^ . , Nonckij A e p p ' gQ n892), 300. 

a lift so also 2 Kotin, Zeit. physiol. Cliim., 14 (1890), 1H9. 
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Laetyl.derivatives are, as a rule, more soluble than acetyl, 
and tjjese in their turn are more soluble than benzoyl, while t 
salicyl derivatives are usually almost insoluble. Now, in most 
cases the speed of hydrolysis depends chiefly on the'solyhility 
and hen>e th Rapidity with,which a 5j-ug of this typo acts 
depends £>n the aciofe group, but the nature of the action .is 
usually nat^ifteted Thereby. * Usually, acetyl derivatives afa 
the mpst cofyenient, not only beetle they are the cheapest to 
prepare hut ako because flic lactylgleflvaiive is sometime* too 
rapidly hjdrolyjed, whilst the Benzoyl derivatives are generally 
^hydrolyzed^o slowly that tlfey are excreted largely ifrtchanged, 
and therefore ^ithQijt having exerted the desired 4Jffec|. The, 
only one of the previously mentioned acids t^at has a marked 
physiological action of its own is saficylie acid, hut the salicyl 
derivatives of basic compounds are so insoluble that they 
usually escape from the organism almost entirely unchanged, 
and therefore are therapeutically useless. 

The presence of the benzoyl group is of great importance in 
a large number of substances, especially imsomc of the alkaloids. 
Ecgonino methyl-ester is without*any noteworthy action, but 
i its benzoyl derivative, cocaine, has a very important physio., 
logical action, producing local ana'sthesia and other powerful 
effects. These facts are discussed in another section, so need* 
not he enlarged upon at present. 

Effect of Unsaturated Linkages.— 1Jnsaturated com¬ 
pounds are usually far more toxic thg .11 tin? corresponding 
saturated ones > a fact which is in accordance with their 
greater chemical reactivity. For example, propyl alcohol, 
CH,— OIL,—OIL— on, is a narcotic, and caUtses intoxica- 
tion, but is not really poisonous, whereas allyl alcohol, 
CH 2 * CII--C1I,—Oil, has strong poisonous properties, but 
is without the narcotic action which is characteristic of the 
saturated alcohols.* Indeed, the unsaturated alcohols are dis¬ 
tinguished by their highly poisonous character. 

Safrole, 

• Oil, 
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is far more poisonous than any other ethereal oil that has been 
experimented upon, and {he isomeric compound, iso-safrole, . 
CUT,, , r . 

• , - CII CII CH, 

0 *■ r -0 ? 

\ / v ; , d ■ t . 

< n., . i c .M f 

is also poisonous, hut not j ®,rong|y as safrol. M/^ijihonc is htr 


CII 

I ‘ 

CH 1 

\o 

"I vl 
uj; an.. 


‘Ql, 

I * 

C , • 

/■v” 

UC CO 

I I 

IT.,0 CII., 


■ \/ 

\/ 

CII 

1 

CH 

1 

1 

CH 

I 

0 

• s' \ 

/• \ 

CH, CH 

CH, CH 

Men t hone. 

Carvone. 


r less toxic ,than carvone, which differs from it only in contain¬ 
ing two unsaturated linkages, and acrolein, OIL —CII—CIIO, 
■and crotonic aldehyde, (Ill.,—CII CII—CIIO, are far more 
to.xic than the corresponding saturated compounds. , 

The infjucncc of increasing unsaturation is well illustrated 
by the following'serieji of compounds :— 1 

CIL, CIL,—CII.,—OH 


„ CII,—N 

/ \ 

cm, on 

Ciioliut! (slightly toxic), 

CIL CII CIL, 


CIL,—N 


CU; 

l 

CJII.,- 


CtaCIl 


CH,; OH 

Ncurine (Very toxic). 

Ali^'ri -methyl-ammonium hydroxide, c 

1 Sclimidt, Annalen, £67 (180 ^), 240. 


CH, Oil > 

Far muro toxic than ncurine. 
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Oil 

(Cir :i ) ; =N^ 

\ 

. CH.,-CH > CH a 

a ho, ? 0, ? f?uo of ne V inu - I s exceptional In being only slightly 
poisonou^ y k | b J 

*, v, Ct V^lolecular Weight,aI*omerism, e/c.—Polymbr- 
, 0 S10 ' v * <ll,,ercn » aetio ” Von], that of the original sub- 

Hl Z ee ’ " V t0 th0 1,r0aea i “« 1 '««ularili,i have been observed 
J-I10 e«ee,toi‘increasing Molecular weight in the series of the 

1 T !; n ? n ; A i° a i? h ° ls hns aln,ad .y bc «'» «-efcrrc<Lto. In the 
ua,cotic '•fl'ect increases witlfthe.Immber 
° T i ‘ to ™ in th0 hr *' M *'«* chain i X the same way as 

Il f T '!’ 1 a,co!lo,s ’ illul a similar effect is found in the case 

01 •Mil 1 pinaconcs. 

. The fatty acids are generally innocuous. Oxalic Z\A is 
pcsonous, but the toxicity rapidly diminishes as the s( *ie« is 
' l T n ' ' “ U '° cas,! 01 thc h °inologuesof pyridine, the toxi- 

Zr C rZT y T ,lly With ''crease*of molecular weight, 
of t, • ’ S ° weftkost in ite “ction, and the intensity 

-wc ellect increases as the series is ascended through pico’* 
no undine, and collidine, to parvoline, CUIN( 0 H ) which 
,S - strong in its action as pyridine. ‘ " * 

ofs) 1S ° ftena s,,r prisingly groat dillcreucc in the activity 
f eo-’somen.'es Isopdocarpine is prohahl* sterSo-isomeric 
, . pdocarpme itself,' but it is far weaker in its physiological 
ui ric 5 ™ "-I 18 l° Xie f0r d0 « s > hut stereo-isomeridc, 

1 1,1 10 aL1,1 > la said to he harmless.* 


' H —(' —OOOH 
II * 

,ir~(j_cooii 



.1 ; 7o 'yett, ,7. C. S., 87 (1005), 794. 

" tshuuika, Bull. CotJ. Agr. Tokyo, 2 (1897), 484 
3 




34 


SYNTHt.UU VKUUS 



Fr .iarie acid 


The difference nia however, bo due to the dill'eret.ii degree 
of ionizat'en, maleic acid being the more highly ion%.d of tho 
two, v, 

In the case of stereo-isomerides, which are optically active, 
marked differences in the physiological action are very often 
encountered. At this point it will suffice to mention briefly 
a tew ‘examples. Atropine (racemic hyoseyamine) differs in 
some respects from /rtei'o-hyoscyamine , 1 amt /acre-nicotine is 
twice as poisonous as the de.rtro variety.-' One of tho most 
striking examples of this type is that of adrenaline, the natural 
laevo form being about clev. n or twelve times as active as the 
rjc.vtrop Optical isomerides sometimes show differences in 
taste or smell, r/r.r/rn-asparagine, for example, being sweet, 
and Wro-asparaginc tasteless . 4 

The change in physiological properties which accompanies 
the change from a plane to a spatial configuration in the case 
of certain compounds of nitrogen, phosphorus, arsenic, and 
sulphur, is discussed in Chapters I. and VT. 

Differences arc often met with in the physiologic!’! action of 
ortho, meta, • nd para compounds, and in some types of com¬ 
pounds regularities can he traced. It has been suggested that 
para compounds are more poisonous than ortho/' and .his is 
often the case, hut in many compounds the reverse is true, 
ortho nitro-brnzaldehyde, for instance, being more toxic than 
para. In fact, although many differences have been noted 
between the physiological effects of isomeric benzene deriva- 

, 1 Cusliny, Journ. of Physiol. , 30 (11)01), 103. 

- Mayor, Tier., 38 (1005), 507. 

- Oiishny, Journ. of Physiol., 38 (1003) 250. 

* Piutti,' 0. fi„ 103 (ISHfi), 134. 

Iiakorny, -louvh. prolil.Hlhem., 36 (1387), 272. 
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tives, no general regularities have ,boen traced between the 
ortho^meta, and para compounds, and between the different, 
tri-spbstituted- derivatives. . * 

In this connection it is interesting tg note that saceltarip, 

* •' ’ yco\ 


which* isi an ortho 


V 


c^rapoSndj* 


Nil, is five hundred 


s>°- 


times swcotor than sugar, f whilo in# corresponding para^om- 
pound is* tasteless. Some (ingenious theories have been ad¬ 
vanced tfr-ngcount for the Sweet taste of certain compounds, 
but they arc*i^one # (jf them very satisfactory an^eall for no_ 
detailed account. ’ ^ 

Closely related isomerides, othe.* than benzene position- 
isotnerides, often show remarkable differences in their physio¬ 
logical action. Cocaine differs from its isoineride u-socafnc 
Inly in having a ( . CO . OOII.,) group and a ( . 0 . CO . 0,-11,) 
group on adjacent carbon atoms, while in a-CQcaino these 
groups are on the same carbon atom. .Nevertheless, n-cocaine 
s lacking the characteristic local iiiiaesthetic action of cocaine 
itself (Chapter VII.). 



CHAPTER III. 

TR',0 CHEMICAL CHANGES OP DRUGS IN THE ORGANISM. 

Veky valuable information can oEen be obtained bv a study 
of the cnauges which a substance undergoes ir Vile animal 
body. ,ByVis means an insight into the mode of action of 
a drug can ofteig lie obtained, and a method of preparing and 
using a less toxic substance can often be devised, owing to the 
f.a/^t that the usual alteration of drugs by the metabolic pro¬ 
cesses in the organism is in the direction of the conversion of 
an active and poisonous drug into a less active and less poison¬ 
ous one. This is usually accomplished by the production of 
bodies of a more, acidic character than the original substance. 
In some, eases this is brought about by a simple process of 
oxidation, but more often a substance is formed, usually by 
oxidation but sometimes by reduction, which is then trans¬ 
formed into an inert salt of an acid by means of a synthetic 
process. The most important of these synthetic processes 
taking place in the organism are union with sulphuric acid, 
glycuronio acid or amino-acetic acid. Before considering these 
synthetic processes, attention must bo given to the changes 
which precede them, by means of which substances arc formed 
which are capable of readily uniting with sulphuric acid, 
glycuronio acid, etc. 

The, chemical processes taking place in the organism consist 
of hydrolytic cleavages (saponification of esters, etc.) in the 
alimentary canal, and more profound changes of oxidation, and 
sometimes reduction, in the tissues or blood. In the case of 
the changes taking place in the alimentary canal, it is found 
that the saliva acts on but few drugs, owing to the short time 
that they remain in contact with it, and the fact that only one 
enzyme—diastase—is present. The contrary is the case in the 
stomach, in which many drugs 'can be absorbed, and where 

36 
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unpleasant by-effects are often manifested. For this reason, a 
great*proportion of the woi^k in connection with the synthesis* 
of new drugs' consist in modifying previously exi^ting^ com¬ 
pounds so that they are rendered incapable of being absorbed 
or of exerting any. ction in the stomaelf. The gastric juices 
coni am hydrochloric and other acids, and also an enzyme, 
j»ep§ifi, bOf^t is to their acid chjjMjieter that tlfeir action bn 
drugs' is mostly«lue. Salts^of orffeni^ acids are generally de- 1 
compos*} into the free acid and I chloride of the base, but 
osters similar compounds are, in the great majority of 
cases, unded^mposed by the gastric contents. 

In the smal^intdstine, substances enter an ullffflinc modi uni* , 
and come into contact with the puncroatic Enzyme, trypsin. 
The latter has a marked hydrolyzing action on esters, anilides, 
aryl similar bodies, and it is only those substances whichofcrt 
hydrolyzed with great difficulty by all ordinary reagents that 
escape hydrolysis in the intestine. After saponilitaition*in the 
intestine, the components are able to exert Jilieir specific action, 
and advantage is taken of this fact.in pieparing derivatives the 
components of which would exert unpleasant by-effects on the 
stomach, but which remain undeconiposeil in that‘organ, and 
are then hydrolyzed in the intestine, enabling the components 
to exert their desired effect. 


For example, salicylic acid and its salts often give rise to 
unpleasant symptoms in the stomach, hut acejyl-suffieylic acid 
is.comparatively inert and passes throSgh the stomach un¬ 
changed. ^In the intestine it is hydrolyzed.into sodium sali¬ 
cylate, which can then exert its useful action and sodium 
acetate, whiel# is inert. 


Mqpt aliphatic substances are oxidized to carbon dioxide,, 
water, and*urea, hut there are numerous exceptions. Many 
substances are oxidized to acids, but aldehydes are never 
formed by oxidatfbu in the body. On the contrary, alde¬ 
hydes arc often reduced to the corresponding alcohol, chloral, 


OCI 3 . OHO, for example, being reduced to triohlorethyl alcohol, 
CC1 3 . GIL . OH. 1 Many substances containing nvsthyl groups 
are oxidized witlj difficulty ; isopropyl alcohol is said to be 

• ^ * 

1 Zeit. physiol. Chon., 6 ( 1882 ), 410; JJ.r,, 15 ( 1882 ), 1019; PJlilger's 
Archiv, 28 (1882), 500 ; 33 (1884), 221. • 
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partly oxidized to acetore and partly excreted unchanged. 
'Acetone itself is oxidized with difficulty, mcthyl-ethyl-hetono 
more readily, while diethyl-ketone'is almost completely oxid¬ 
ized. 1 Primary and secondary alcqhols are readily oxidized, 
but tertiary and all halogen-substituted alcohols'are clifficultly 
oxidized. Similarly, fatty acid's are cofipletejy oxidized to 
carbon dioxid'e and water, (but the chloro-substituje/ aci?ls at* 
not a t, all easily oxidized, f: ' . < 

Aromatic compounds ai'e nojt so readily oxidized by the 
organism as the aliphatic compounds. In all but ;ty few ex¬ 
ceptional cases, the aromatic nucleus remains uijbhanged, the 
'process’of oxidation being confined,to tho sihe chains. In 
those substances' 1 which contain a side chain of three carbon 
atoms, the middle one of which hears an amino group, the 
euL-’tance is completely oxidized. For example— 


phenylalanine, C ti H,. Oil.,—-OH—COOJ1 

! 

• , NH, 

tyrosine, IIO<~~>Cil,. CIL-COOII, etc. 2 

" ‘ I 

* • NIL 


In dogs also, phthalio acid and phthalimidc— 


/nCOOH /\CC\ 

1 and )NII 

V'COOII VCCK 


are completely oxidized. 3 Many aromatic compounds are oxid¬ 
ized in the organism by the entrance of a hydroxyl group in 
the para position to a previously present substituent group, hut 
if the para position is already occupied, no hydiAxylation takes 
place in the animal body. For example, aniline is oivdized 


to para-aminophenol’, 4 IlOy_yN 1I 2 . Ortho compounds are far 

more readily oxidized than para or meta^ Aldehyde groups 
are oxidized to carboxyl groups, and in general a substance is 
usually oxidized to a carboxylic acid if this process takes place 


1 Schwarz, A. e. V. 1\, 40 (IS.is), 178 . 

* *Zeit. physiol. Client., 7 (1882), 23; 8 (1883), 03, 05; 10 (1880), 130; 
11 (1887$,,485; 14 (1800), ISO. 

3 Juvi<fta, y.eil. physiol. Cliem., 13 (1880), <&\ Mosso, A. c. P. P., 26 
(1880), ‘201. 

5l 3ehmie4e\)org, A. e. P. P., 8 (1H78), 1. 
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at all readily. Toluene, for example, gives benzoic acid, but 
benzole, on the other hand, is oxidized to phenol. 1 The fate of, 
phepol and similar substamfcs in the organism will’ be discussed 
later. „ * 

Reduction Af a substance ip the organism sometimes takes 
place,‘althoug^ it is a^nuch’mote unusual process than oxidation, 
i^n iJLtert^ling example is furnished by ehloraj, CGI,. Cl 10, 
which is reduced by the ftrganS^fc to tricljlofethyl alcohol, 
CC?1 ;1 . Cp a • Oil,-' a reduction whiJh 4an only be carried out 
with ex^-eme diiliculty in ilhe'laboratoryj Quinone is reduced 
to hydfd5jltJtione. Reduction of a uitro group to^an amino 
group is exceptional, nitrobenzene, for instancy'nevyr being 
reduced to aniline, but this type of actio'/sometimes does 
occur. For example, both meta- and para-nitro-benzaldehydes 
undergo reduction of the uitro group, accompanied by oxidation 
of the aldehyde group, the product finally formed by theforgan¬ 
ism being the acetyl derivative of the corresponding,amino 
acid— 3 . 

/No., /Nil, •* /Nil. co. cm 

" -> C,1U ‘ ' «' H. 

x CHO Nfjooil XIOQII 

Another interesting example of this type of change is furnished 
by ortho-nitrophenyl-propiolic acid, which is transformed by 
the organism into indoxyl, this being excreted as potassium-* 
indoxy 1-sulphate— 4 

.NO., NJI Nil 

(] . ... O H, 7 O; COOU . .G il/ >,CIi 

V G (1 —GG)OII C ' 0 

Hoii N oil 

Indoxyl. 

Picric acid is partially reduced to dinitro amino-phenol. 

C,,II.,(N(3.,) ; .OII C,.Tl,(NO.,),NlJ,. OH. 1 

The final stage in the transformation of drugs into inert 

1 Di&uis Arch. (1S67), 310; I’jlilger's Archil\ 12 (JS7G), Ms. 

- y.cil. physiol. Ghent., 6 (18K2), HO; Her., IB (1BH2)| 1010; I'fliitgr’s * 
Arch iv, 28 (1882), 500; 33 (1884), 221. , 

; ’K. Cohn, Zeit*iihijswl. Cliero., T? (W93), 2R5; 1811801), VT1. 

* Uoppe-Soylev, Unit, physiol. Cliem.,7 11882), 178. 

’• 'Wa.lko, A. e. J*. IS, 16 (V.I01), 181. • 
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substances consists in the, formation of acidic substances from 
,the products of oxidation, reduction, etc., by means (j>f thfe 
previously mentioned syntheses witfn sulphuric acid, glycur.onie 
aftid, etc. Other synthetic processes sometimes met with are 
the formation of urea«derivatives,and sulphocyanfdes, and more 
rarely, the introduction of acetjd or me/nyi gijpups, add the 
production of«cystiue derivatives. Usually no singly synthetic 
• process takes place to thcf/(clusitin, of all otjiers, but, dn the 
conti'ary, a substances A lAually excreted in more i*han one 
way, for example, as’a glycurome $cid derivative, any 1 also as 
a sulphonTe ester. * • 

■ SulphoniJ'Usters.—The sulphuric, acid* required for these 
syntheses may beVonned by the oxidation of albuminous bodies 
containing sulphur. It has already been pointed out that 
phenolic substances are often formed by the oxidation of 
aromatic compounds, and most of these phenolic compounds, 
arc excreted primarily combined with sulphuric acid as alkali 
salts, and secondarily combined with glycuronie acid. Phenol 
itself is found in thh urine as the sodium salt of phenyl- 
sulphuric acid, 0, ; LL . O . SO*. ONa, a perfectly non-toxic sub¬ 
stance. Similar syntheses take place with other hydroxyl - 
derivatives, but if these themselves are non-toxic, they are 
.excreted unchanged without undergoing a synthesis with sul¬ 
phuric or glycuronie acids. For example, homogentisinic acid, 

/ ■ c:H...CO()H . ..... 

i * , which is non-toxic, is eliminated un- 

HOkJOH . 

, * . ,,(10011 
changed, blit the corresponding gentisinic acid, ! 

, 1IO /'OH 

which is toxic, is eliminated partly as the non-toxic sulphuric 
itcid derivative. 1 The entrance of acid groups into pheViols, 
with the eorrespondiifg loss of toxicity, destroys the property 
of combining witli sulphuric or glycuronie, acids, as in the 
case of salicylic acid, which is eliminated in combination 
with amino-acetic acid in the same way as benzoic acid (Le. it 
forms a cofnpound analogous to hippuric acid).- Loss «f acid 
chiracter cauScs this property of combining with sulphuric 


‘ cnkhatschofT, Z<it. /ihjtiol. Client , 21 (IHUG), 422. 
<l See this chapter, lasj section. 
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acid to reappear, and methyl salicylate, 


salicyl amide 


,n 


,C0 . Nil., 


/NCOOCHj 

UoH 


and 


IJOIl 


are found in jjie urine as sulpCiurip 


acid derivative!. 1 Imroduttioi of more hydroxyl groups'al^o 
causes^ this property to reappear, as in the ease of" gentisinie 
add,'and a'so protocatechu i>} and >v.|nillic acids r but veratric 


•HO/NCOOH 

HtlJ 


Cl 1,0 (.'0(111 * 011,0 COOll. 


ProtueateSul^e acid. 


IKjjJ 'cii,ok 

Vanillic acid. Veratric acid, 

acid, which com.ainS'no fnistt hydroxyl, does no^ufflic with sul- ' 
phuric acid. Aromatic ketones are usually oxidized to acids, 
hut if they contain a hydroxyl group the formation of esters 
witfi sulphuric or glycuronlc acids takes place, to tin: exclpaiAti • 
o i the oxidation of the ketone to the corresponding, acid, ll'or 
example, acetophenone, C„TI ,,. 00 . OH.,, is oxidized to benzoic 
acid,- but paconol, gallacetophenone, and l-csaeetophenone are 
0.11 

go. on, M'o, : on ,000.011, 


011 .0 , 


no 1 


on 

on 


no 


Uon* 


I’aeonol. Uailacotophonono. Kesacelophonone, 

found in the urine as sulphuric and glycuronie acid deriv¬ 
atives. 8 < * 

Glycuronie Acid Derivatives.—This acid, which has the 
constitution CIIO— (Oil . Oil),—C00II, is of'great interest, as 
a very large number of poisonous substances ai e*found in the 
urine as derivatives of it. It seems likely that in the first in- 
8tanee*comhinatiou takes place between the drug and glucose, 
the — OILOft group of which is then oxidized to OOOII, with 
the formation of glycuronie acid. In the case of aliphatic 
compounds, the resulting compounds are formed witli elimina¬ 
tion of water, and are probably analogous in structure to the 
simple g^ucosides. 

For example, chloral is reduced to trichlorethyl alcohol?' 

• 

1 Baumann and Horfcer, Zcit. physiol. CUcm., 1 (1878), £5jy 
B Ncinoki, Journ. prnkt. Cht'in is (1878), 288 . 

Ibid. , Ber. , 27 ( 181)1) , 2737. 
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which then combines wjith glycuronic acid in the following 
manner:— 

CQOII. ‘ (XX 


Jh ' 


cji . on 
Ah . oh 

(ki. OH 


« oh. on 
h ' 

CC1 3 -> OH . OH 

I < / 

+ yi* 

1 


i 


Oil. Oil 


OH 


Oil. OH—OHO OH C’HJOH—OH^O--Cy,—CCI, 

00011 ; ^ 

I . ■ • ' 

OH. OH 


OH . 

I 

OIT . OH 


0 


OH . Oil—0—0—OIL,—001, 

In the case of sor?ic aromatic compounds, combination can 
recur without the elimination of water. For example, it has 
seen shorVn that vanillin is oxidized to vanillic acid, which 
;hen combines with glyeuronic acid— 1 


,00011 


''OOH i 

Thymol and earbostyril have been shown to behave in a 
similar manner. 

Derivatives of Amino-Acetic Acid.—Combination between 
glycine, NIL,. OIL,. OOOII, and benzoic acid takes place m the 
kidney, with formation of hippuric acid—* 

OOOII COOH «+ H.,0 

l I • I 

H„G—NIL, + HO . 00 . CJI, = ILC-^NH-CO . CJI, 

0 

Kotake, Zeit. physiol. Chcvi., 45 (190 >), 320. 

- Boucis and Ure, Berzelius' Juhresb., 22 (1843), 5G7. 


COOH 

OH 

OOOII 

1 

/ 

i 

(OH. OIL), + 0, ; 
1 

H-OCH* 

‘\ 

(OH. OH), 

OHO 

• 

1 

COOH 

! ,oii 

OIL { » 

X 0-CJI, 
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This synthesis is of great important, as so many compounds 
are oxidized in the body to benzoic acid, and it is also typical 
of ft large number of precisely similar syntheses undergone by- 


other carboxylic acids, sujdi as salicylic acid, para-hydroxy 
benzoic acid, Ahloro-, nitres, raid bromo-bonzoic acids, ajiisii 
acid, naphthoiii acid, and many others, 

,.j3tjfcr synthetic processes that may be menti»ued arc the 
formation of tho less toxic* sulpiVocyanidos from the toxic 
nitriles, 1 Hhe transformation of pyridine into methyl pyfidyl 


ammonium hydroxide, 2 
CH 

HCp’^CiT 

Hck/'CII 

N 


CH 

lie ci}'*' 
lid/ /Oil 
N 

CH,/\0II 


—r 


and the introduction of an acetyl group into a compoimd, as 
in the previously mentioned case of meta-nitro-brfnzaldehyde, 
which is transformed into meta-acetyl-aniTno-benzoic acid. 


1 A . e. I'. />., 34 (IS'.ll), 2-17, 281. 

• 3 His, A. e. I'. I 1 ., 22 (1887), 203 ; It. Cohn, Zeit. physiol. Chcm., 18 (1894), * 

112 . 
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NARCOTICS AND* (JKNEItAT, AN/ESTHETICS? 

f 

Geneis.l TnHOituis of Tins Action of Nauco’ rrr^Diiuas. 
Ur to withiS-'-'Mito recent times, the only nUrcoocs in use were 

J 'y ’ J 

the various preparations, of opium, ami all of these suffered 
from the great drawback of being dangerous in the doses that 
- were necessary to produce certain sleep, and of sometimes 
causing unpleasant by-effects. The discovery of many syn¬ 
thetic substances having a powerful narcotic action, and almost 
free from me dangers and other drawbacks of preparations 
containing morphine,, is one of the great triumphs of the 
application of synthetic chemistry to pharmacology. 

Still more important are those substances which are used 
as general amcsthetics. These compounds do not differ funda¬ 
mentally from the other narcotics in their physiological action 
or chemical constitution, but they are usually volatile substances 
which an? administered by inhalation, so that their effect can 
be rapidly produced, and the duration easily regulated. On 
the other hand, for use as a narcotic it is more convenient to 
employ non-volatile substances capable of offering resistance to 
oxidation by rite organism, and which are therefore slower and 
more prolonged in their action. c 

The aliphatic hydrocarbons possess narcotic properties, and 
these are increased by the introduction of an hydroxyl group 
to form alcohols. The introduction of more hydroxyl groups, 
as in glycerol, causes the narcotic action to disappear, the 
hydroxyl, merely playing the part of an “ anchoring ” group. 
<j*n the other hand, the narcotic action of many different 
substances is associated with the presence of alkyl groups, 
‘especially* ethyl groups, ft therefore appears that in the 
alichols, the alkyl group,'and not the hydroxyl group, is the 

44 
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active portion of the molecule. Replacement of hydrogen 
■ atoms ^irf a hydrocarhon by halogen, a*nd especially by chlorine, 
also greatly increases the narcotic action of the substance, and 
in these cases the chlorine actually seems to play an important 
part in tho aation of the (substance, because unlike the case 
of the alcoholslthe strength*of ihe action tends to increase with 
an injjreas^ in the number of chlorine atoms in the compound. 
Tin s'narcotic property is cl^iracti-r'^tic only of* the aliphatic 
halsgen ^propounds; in the case of Aha halogen derivatives of 
benzene ^t is absent. • * 

The imlflji'iion general ameslhetios comprise, therefore, two 
groups, thosewhjcji the. action is associated withdhe presence 
t>f halogen in aliphatic co’inbinatkm, and thof.v'an which it is 
associated only with the presence of afltyl groups. The narcotics 
likewise include substances of these, types, and also many com¬ 
pounds, the narcotic action of which seems to be connected 
with the presence of the carbonyl group (—GO—) in tho 
molecule, and in some cases with the presence of a.ring system 
containing basic nitrogen. «• 

The foregoing statements will show that the anaesthetics 
.and narcotics comprise a number of substances, which, from, 
the chemical point of view, have really very little in common. 
Attempts have therefore been made to find a relation between 
some of the physical properties of these; substances, and as a 
result, some interesting facts have been brought to ljght, which 
tend to show that in many cases there is a ctose parallelism 
between the hypnotic action and certain physical properties of 
the substance. Not only is this the case, Imfc these physical 
theories of narcosis are superior to any purely chemical theory 
that can be devised, in that they throw' some light on the mode 
of action of the hypnotic substances. 

This is well illustrated by the work of Overton, 1 and tho 
suggestive theory Unit has been put forward by Hans Meyer.- 
It has been shown by Overton that substances may bo 
divided into different groups according to tho rapidity with 
which they diffuse into protoplasm, the rate of diffusion as a 
general rule depending on the solubility of the substances Hr 
» 

1 “ Studien liber Narkose,” .Term, 1001 . 

2 Hans Meyer, A. e, P. P., 42 (1901), 10it; and 42 (1001), 119 (Baum> 
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fat, lecithin, and “ lipoid ” substances of that type. If S/dcnotes 
the solubility of a substance in fat, and S,„ that of the same • 

substance in water, then the ratio*^ is called the distribution 

' ■ S,„ 

coefficient of the sutstanco, and ftecording tq Overton, the 
value of this coefficient determines the vcloejf.y of diffusion 
into the cell protoplasm. Now, it was pointed'out by Overtoil 
and Meyer that amesthelfitjp and, narcotics ijre generally sub¬ 
stances which diffuse vaptlly, and therefore these compounds 
should possess a high distribution coefficient. Meyer compared 
the aliphatic narcotics, and found that the nai'wMS^power of 
these was roughly proportional to the magnitirae of the dis¬ 
tribution coetiivent. This fact is ‘sometimes expressed by 
saying that the strength Jl' the narcotic action of a compound 
is dependent on its solubility in lipoid Substance. This is not 
'stiTerfy true, as it depends not so much on its actual solubility 
in the lipoid substance as upon the ratio of its solubility in 
lipoids to th,at of its solubility in water. 



— 


.—. 

* Substance. 

B 3 
a 

^ B 

Narcotic Action, j 

Dimethyl-sulphoiie-dhnethyl-methano 1 
Diotliyl-su^hone-raethano a . 


tq o 

5 ' J 

o-ior, 

Very slight, i 


0*151 

Slight. 

Sulphonal ♦ . . 

0*006 

1*115 

Marked. 

Trional. 

0*0018 

4*4f> 

Moro marked. 1 

Tetronal. 

0*0010 

4-04 


Tiutyl-chloral-hydrefue .... 

0*002 

1 *50 

t 

Bromal-hydrato. 

0*002 

0*00 

it 

Chloral-hydra^. 

0*02 

0-22 » 

,, 

Ethyl-urethane. 

0*01 

0*14 

,, 

Methyl-urethane. 

0*4 

o-o-t 


Monacetin. 

0*5 

O-eO 


Diacotin 

0*015 

0*23 


Triacctiu. 

0*010 

0*30 

« 

< 

” 


Meyer compared the narcotic power of these substances by 
finding She smallest concentration which would produce a 
/tefinite physiological effect, and expressed the values as fractions 
of theVsormal solution (one gram mol. litre)*calling those the 

* »CIi 2 (SO... U,H 5 ),. 


(CH 3 )..C(SO,. CH.,),, 
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“liminal values.” These “liminal values” can be taken as 
,bei.ng approximately inversely proportional to the strength of 
the nafcotic action. On comparing them with tho distribu¬ 
tion coefficient, it is found that they vary in tho 'opposite 
direction, being^small when jhe distribution coefficient is lax'ge, 
and these resume therefore dndjcate that tho strength of the 
narcotic action x>! these substances is approximately propon- 
tioftal - to the distribution coeilicient. ^ • 

III the preceding table the substai'Jbeij are arranged together 
in accordance with their cheijxioal nature, but in order to show 
the close *-. 4 jallel!sm of the narcotic effect and the distribution 
coefficient, it iltyvorth while arranging them in order of magni¬ 
tude. ’ ' 


4 


Sill IS till ICC. 

• 

Distrilmlion- 

cocllicicnt. 

Limin.il Value. 

• 

Trional ...... 

4*4fi 

0*001ft 

Tefcronal. 

4 *04 

# 0-0013 

Bulyl-chloral-hydrale 

K>M , 

0-002 

Sul phonal. 

Ml * 

0 00G 

Broiual-hydrato .... 

o-gg 

0*002 

Triacetiu. 

o-ito 

o-oio 

• Diacotin ...... 

0*23 

t)015 

Chloral-hydralo .... 

0-22 

0-02 

Ethyl-urothauo .... 

0*14 

0 01 

Monacetin. 

0*00 

0-05 

Methyl-urotlmno .... 

0*01 

0-4 

- - - - - - - 




The substances arc here given in order of decreasing dis¬ 
tribution-coefficient, and it well be* seen that with two slight 
exceptions, the liminal values of the substances, given in the 
same order, steadily increase. This result is of gjieat interest, 
especially as tho substances tabulated above represent many 
widely*ditferent chemical types. In the case of the sulphono 
derivatives, a high distribution-coefficient’ seems to he con¬ 
nected with the pnjfience of ethyl groups, and it had already 
been pointed out by Baumann and Kast that tho narcotic 
properties of these compounds depended on the ethyl groups. 
This wilfr bo referred to in greater detail in connection with 

j t * *i 

these compounds. u 

Not only is the dtieory of Overton and Moyer well supported 
hy the close parallelism shown above w but numerous subsidiary 
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facts appear to give it additional support. One of these is an 
observation by MansfelS 1 that some narcotics have a morn 
powerful action when given to s*arvod animals, the explana¬ 
tion 'suggested bein'? that in these there is less tissue-fat to 
absorb some of the narcotic, so that a greater portion of the 
lattfir is absorbed by the ceutkal-ncrvous system. Na doubt, 
however, fin alternative explanation could be offered. • 

There areSioverthelessfii good;nany facts appearing to’slTow 
thajl this theory is ineoiiplete and needs some modification, 
before it can be applied to alk cases. For example, the peri¬ 
pheral nerves contain a large amount of “ lipojd/r'substanee, 
but they are much less affected by tbe alip^iatigrAiarcotics. 

It has alsbX'een pointed out by Cushny 3 that many aro¬ 
matic compounds have a' high distribution-coefficient, but are 
without narcotic action. A possible explanation of these facts 
is”?ftggested by the views of Traube, according to which H is 
the osmotic permeability of a substance which is of primary 
importance in determining its narcotic action. In support of 
this view, it is painted out that pyridine, nicotine, and anti- 
pyrine rapidly penetrate the membranes, although their dis- 
, tribution-eoeflicients are less than unity. Traube considers that 
surface tension is the force producing osmosis, and be therefore 
concludes that surface tension and narcotic power should run 
parallel. This was found to be the case with a largo number 
of narcotics of varied types, ft certainly seems reasonable 
to suppose that rap ! d penetration of the cells should he the 
most essential condition for enabling a substance to exert its 
effect on the inferior of those cells. When the sdnstaneo has 
once gained, an entrance into the cell, its solubility in the cell 
“lipoids” may he an important factor in determining its nar¬ 
cotic power. The theories of Traube and Overton-Me^er are 
therefore not altogether antagonistic, and both of them are 
probably concerned with important facts underlying the mode 
of action of hypnotic substances. 

Moore and Koaf 3 have studied the solubilities of chloroform 

J ^ 

- 1 1 STixusiQ\d > t €cntralbl. filr Physiol. , 20 (1006), GG4. 

3 “ Tnxt*book of Pharmacology,” p. 128. 1904. 

3 Moore and Roaf, Proc. Roy. Sue., 73 (1904), 3$2; Proc. Roy. Soc. B., 
71 (190G), ho. 
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and certain other anesthetics in solutions of blood serum and 
hemoglobin, and have found them to be considerably higher , 
than in ordinary saline solution or in pure water. The curves 
connecting the vapour-pressure and concentration of chloroform 
in serum or haemoglobin ijolutions do not correspond to. the 
normal behavi'ur of a simple*solution, but show evidence of 
assocjjttion, between the solvent and the dissolved substance. 
Moore and Boat'therefore consider,, lhat autesthotics torn), un¬ 
stable compounds or aggregates witi! Mfc proteins of the tissue 
cells, whjph exis.t only so lopg'as the partial pressure of the 
anaesthetic Itidhe blood is maintained, and that amesthesia is 
due to a paralysis erf ,tho chemical activities of IJs^ protoplasm 
as a result of the formation of such aggregations. The curves 
obtained do not point to the formation of definite chemical 
compounds, but are more of the nature of adsorption curves, 

The action of certain substances, such as alcohol, cannot be 
explained by the foregoing theories. Alcohol is misciblt> with 
water in all proportions, and is only slightly soluble in bits, 
hut this need occasion no surprise when'It* is borne in mind 
that alcohol does not realty belong to the same class of sub¬ 
stances as sulphonal and inert bodies of that type, as it exerts ' 
some action on proteins and is oxidized in the body. The 
action of alcohol is, therefore, probably speeilic, and of a dif¬ 
ferent kind from that of sulphonal, etc. 

A theory, according to which narcosis is due to deprivation 
of oxygen, has been suggested by^Baglidm . 1 It is based on 
the fact that in the case of various aromatic, compounds, the 
paralysing action of the substance is inversely proportional to 
the amount of yxygen already in the side, chain,^md that de¬ 
privation of oxygen by breathing inert gases, such as carbon 
dioxide, produces symptoms not unlike those of chloroform 
narcosis. In support of this view, it might be pointed out that 
Ilerter has shown that chloroform, other, and chloral-hydrate 
diminish the oxidizing capacity of the tissues. This hypothesis 
indicates a possible mode of action of the narcotics afjjor they 
have onffo entered tire cell, the preceding theories indicating 
the conditions which determine their entrance into the cell 
substance. 

1 Baglioni, Zeitschr. ally. 1‘hysiolvgie, 3 (1UG3), 313. 

4 
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Halogen Anesthetics and Hypnotics. 

The most widely used compound of-this typ.e is chloroform, 
which shares with ether the distinction of be-ing the'most 
widely used amusthotic. The deaths that occasionally take 
place when chloroform is used'- mSy in some (pises be .due to 
decomposition products such as phosgene, but (it was formerly 
thought that‘these were ynpurities present in the chloroform 
to start with, and hence '-’nethods were devised to purify, the 
chloroform very carefully when it was manufactured. 1’ictet 
did this-by freezing it and centrifuging away the lkpiid. Very 
pure chloroform was prepared by Anschutz.by tinging advantage 
of the intereSllng fact that salicylMe (obtained by treating 
salicylic acid with POOl/in a neutral solution) forms a crystal¬ 
line compound with chloroform, giving it up on distillation— 

(f’,;H 4 ^°) + 2ClICl ;i 5 ^0.11/^ (Clicy, ■ 

Tt has been found, however, that pure chloroform is rapidly 
decomposed by air and moisture, and this decomposition is best 
hindered tiy the addition of about ‘2 per cent, of ethyl alcohol: 
Oil of turpentine, thymol, and other substances may also be 
used for this purpose. 

Its aruesthetic action appears to be rendered more certain 
by the aduitiop of a small quantity of ethyl chloride. Ethyl 
chloride and ethyl bromide have sometimes been used as an¬ 
aesthetics, and admixture of these substances with.ehlorofonn 
has been used, under the name of Sumnvform, hut does not 
possess any special advantage. * 

The narcotic action of chloroform is closely connected with 
the amount of chlorine it contains, the entrance* of chlorine 
into the molecule of many aliphatic compounds conferring 
narcotic properties upon the substances s<f formed. This fact 
is illustrated by the following series of compounds: 


OH, 

Methane 

Without narcotic eJToet. 

OH ,01* 

Methyl-chloride 

Weak ,, „ 

‘OH.,Cl, 

Methyleue-di chloride 

Stronger narcotic action. 

CHOI..’ 

Chloroform 

Strong ,, ,, 

001 , 

Carbon-tetrad chloride 

,, ,, „ 
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In this series the intensity and the,persistence of the action 
ihereiise with the amount jf chlorine. A similar connection * 
can -be traced' in the derivatives of aldehyde, acntaldvdydc, 
CII 3 . OHO, having a slight narcotic actioTi and trichloraldchyde 
(chloral), CCl 3 t. CHO, a vei^' strong one. • 

Although carbon tetrachloride appears to have a stronger 
nijj'C#tie action than chloroform, it lias no advantage over it 
but on the contrary seems to*be iotf^oxic for safe use. It* use 
by barbers to cleanse the hair has led to accidents, at leas! out 
fatal oas* having been rocoMed. On the other hanc^ some ol 
the other rSnjrbers of this series have been suggested as sub¬ 
stitutes for chloroform ; mplhylene dichloride, OViyHj, lias been 
recommended, as it produces less vomiting, and methyl-chloro¬ 
form, OIL,. COL, is said to lie, less dangerous. 

The bromine substitution products of the lower fo-'s-o- 
carbons also have narcotic properties. Unnuofonn, (Oil Hr.) 
is sedative, and has been used to suppress attacks of whodping- 
cough. Killyl bromide, (0.,lI,,Br), has also been used for pro¬ 
ducing short slight atnesthesia: it is a latter amesthetie am 
is far less toxic than ethylene-dihromide, the halogen ester; 
Of monacid alcohols being generally better anesthetics and safei 
than the corresponding esters of diacid alcohol*. 

Ethyl chloride is used as a general amesthetie and also at 
a local one, the latter by spraying it on to the surface to lit 
operated upon. Its use in this case hag nothing fo do witl: 
the presence of chlorine in the molecule, but is due. simply tr 
its low boiling-point, the rapid vaporization producing so greal 
a cooling as to cause amestliesia. hither is often used in Du 
same way, and'methyl-ethyl ether, Oil.,—-0—which has 
a very,low boiling-point, would be very useful for this purpose 
as also would be the lower paraffins. . 

The volatile general anaesthetics are too transient in llieii 
action to be used asliypnolics for continued action, hut never¬ 
theless, a compound closely related to chloroform has provut 
very useful for the latter purpose. It was known thnfc chlonu 
hydrate , (CC) s OII(OH)„), is hydrolyzed by alkidies, giving 
chloroform and allyrline formate, and thinking that a sfinilai 
action might take place in the body, Liebreieh suggested its 
use as an hypnotic. It was found to* possess strong hvtmotir 
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properties, but Mering 1 * showed that it does not form .chloro¬ 
form in the body, being reduced to trichlorethyl alcohol instead, 

' ' CGI.,. OHO -> CCI 3 . CHjvOH. • 

lt i has been suggested that the "action of thi halogen nar¬ 
cotics is due to the liberation of free halogen in the "body,* 
but there aiyi several facts not in harmony with, this yiew. 
One of the chief of th<»« is that after administering some 
of these substances, the. amount of alkaline chlorides in the 
urine is not increased. For example, after taking chloroform, 
the amount of chloride is increased, but not 'titer taking 
chloral-hydra*^. carbon tetrnchloridq, and dichioracetic ester, 
Cl.,G1I—GQOCJI;,, all of which have an hypnotic action. 3 4 On 
the other hand, trichloracetic acid splits off chlorine in the 
body and has no hypnotic action. 

Although chloral hydrate was the first artificial hypnotic 
to cdlnc into general use, it suffers from many drawbacks. 
Thus, it cannot he injected subcutaneously like morphine, and 
it has a harmful by-effect on the heart. These drawbacks 
cannot he got rid of, hut attempts have been made to prepare 
derivatives in which the unpleasant taste and burning feeling 
in the stomach produced by chloral-hydrate should be absent. 
All these preparations depend for their use upon the regenera¬ 
tion of chloral itself, as it is found that those which are more 
stable hake no hypnotic action, and therefore all of them must 
possess the injurious by-effects of chloral itself. For this 
reason these derivatives of chloral are at a disadvantage com¬ 
pared with the hypnotics of other classes, and they owe their 
origin rather to the cheapness of chloral and to the fact that 
it was the lirst synthetic hypnotic to he brought into use. 

Most of these chloral derivatives depend for their produc¬ 
tion on the reactivity of the aldehyde group in chloral. Conden¬ 
sation products of chloral with oximes nave been prepared, 
hut they have not come into practical use. Their formation is 
in acco'dance with the general equation— 1 

1 Zi’it. physiol. Chem6 (1882), 480. 

- 1’inz, A. e. 1\ 6 (1882), 810. 

n Hast, Zeit. physiol. Chem., 11 (1887), 280. 

4 I). R. P., GGj877. 



NARCOTICS AND GENERAL ANAESTHETICS 


53 


H 

/ 

OCL . CHO +• X -*\OH - CCl.j—C—OH 

\ . . 

O— N - X 

Examples ftre— t 

* II* 


/ 

001 ..-- C-,-011 
\ 

O ,N 

» 



oil- 

from acctoximc, and similar compounds from • *roso-naphthol, 
bonxaldoxime, camphor-oxime, etc. * Other derivatives include 
those in which the aldehyde group has been combined with 
• OH 


basic radicles, chloral-ammonia, 001., -Oil—Nil,, cMoral- 
imide, 001.,—CH -Nil, etc. 

Ohloral-forniamide, COI.,—Oil— NilflliO, known as 

I 

, on 

Clilnratamidc , is used as a mild hypnotic and sedative. 

Other compounds have been prepared by combining the alde¬ 
hyde group in different condensations with sugars, but these arc 
not now used in medicine. 

DormioL is a condensation product of 'chloral with the hyp¬ 
notic substance, tertiary amyl alcohol— 

Oil, If Oil., 

• / I * / 

OOb—OIIO + IIO—C -Oil, -= 001,-0 O ( -OIL. 

", \ “I \ 

* c,h 5 • on c.jr. 

It is a liquid with* a burning taste and is insoluble in water. 
It is as poisonous as chloral, and closely resembles it in its 
action. 

_ ll 

A tasTcless solid polymeride of chloral, which possesses strong 
narcotic properties, has been obtained by the action of aluminium 
chloride on chloral. Other tasteless compounds Jjave been, 
obtained hy combining chloral with orthoform and “new ortho- 
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« 

form ” (see Chapter VII.). Ihjpnal is formed by the condensa¬ 
tion of chloral with antipjrino, but this compound, as well as 
'many others of the same type, has ro advantage over a mfxture 
of thefr components, as they readily split into these, and hence 
act in the same way as the mixture. The only advantage 
whiefi can sometimes he claimed for them is that the unplgasant 


taste of free chloral is masked. 

' - 9 ?‘ 


, V . 

('hloral-itrclhaiu'., (101.,—Oil 


first 


\ 11 


1 Nil -concur .. * 

•prepared to cqjubine the hypnotic action of* chiral with that 
of urethane. An ethylated derivative of this is soluble in 
water, and has been given the name of Snmnal. 

I/Utyl-chlni-al, 001.,- OH, -0110, has a stronger hypnotic 
action than chloral, hut its effect disappears more rapidly, 
and ils irritant action on the stomach is stronger than that 
of chloral. •Trijemin is a compound of butyl-chloral hydrate 
and pyramidon (sed Chapter V.). 

Acdvni’.-dilarnform (tertiary-trichlor-hutyl alcohol), dis- 
* hovered by Willgerodt 1 in 1886, has been introduced into > 
medicine under the name of Chliirelone. It is prepared by 
adding potash to a mixture of chloroform and acetone, and 
is a white crystalline solid, melting at 96-97“ C. 


(Gi’y/xy-t- ciici.., 


« H. 

CIL, 


N on 

/ " X CC1, 


It has a great advantage over chloral in having no irritant 
action on the* stomach. On the contrary, it l^is a sedative 
as well as an anaesthetic action, and very favourable results 
have attended its use in sea-sickness, vomiting, chorea, etc. It 
is the chief ingredient in the proprietary medicine known as 
“ Zotos.” It also possesses antiseptic powers, for the sake of 
which it has been occasionally used, and it has sometimes 
found employment as a local anaesthetic for the mucous 
membrane of the larynx. 

The corresponding bromine compound, CBr.,. C(CH 3 ) 2 . OH, 
is known :js Brometone, and is also used as a sedative. 


1 Ben, 19 (1886), 2455. 
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Bromal hydrate, CBr 3 . CII(OH).,, is of no use as an hypnotic, 
but in large doses it has an anaesthetic action. The corre- 
spondifig iodinij compound, (JL,. CH(OH).,, is toxic, and affect? 
the muscles and nerve-endings, but has only a slight action on 
the higher centres, and therefore has practically no hypnotic 
action.. * 

Tn general, iho aromatic halogen compounds have i^c 
hypnotic action, ^nt trihromosalol (Cor dal) appears to he an 
•tion, as it is said to he a good 1 ypuotic. * 


exception, 
On 


the other hand, a laree, numher of aliphatic bromine 
compoii nds.have been brought into use as mild hypnotics and 
nervous soIi^Ves. ^These are mostly derivatives of urea 01 
of horneol or valerianic afcid, and probably own, Their sedative 
action partly to the presence of the bromine atom, and partly 
to the organic radicle present. They are described and enu¬ 
merated in Chapter XIL in the section dealing with br#m:nc 
compounds (pp. 197-iyD). 


11 vi'NOtkis, thu Action ok which is G#Nfcj4i:TJsn with tiii 
1’jtHSKNOH of Ahkyl Gkoups. 

• 

fn a large number of compounds the presence of an ethy 
group seems to confer upon the substance the power of enter 
ing into a close connection with the nervous system. In the 
case of ethyl alcohol, an excessively large dose is required tc 
produce sleep, hut a number of compounds have been dis¬ 
covered which have a hypnotic a8tion in much smaller doses 
although their action appears to be due chiefly to the presence 
of ethyl groups. This difference in their behaviour is probably 
accounted for Tiy the fact that alcohol is largely oxidized by 
the tiiftsuos, and so only a small fraction of it can produce ar 
hypnotic effect, while these other compounds offer a curtail 
amount of resistance to oxidation, and therefore can exert n 
more powerful hypnotic action. 

Methyl alcohol has no narcotic action ; in the other mono- 
hydric kitty alcohols, the narcotic action increases witil increas¬ 
ing length of the unbranched side chain. In general, prtmailj 
alcohols are less Active than secondary, and these are, less 
active than tertiary. In the case^ of tertiary alcohols, f^Jit 
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strength of the action depends upon the nature of the radicles 
attached to the tertiary efirbon atom. If the radicle is methyl, 
' the action is relatively weak, but»if it' is ethyl- it is stronger, 
and file Strength increases with the number of ethyl groups. 

JCH. ,0 , 

Amvlenc hydrate, HO—CX , was introduced- as a 

N CJI, 

, hypnotic in (1887, hut the alcohols have rytt been usku"as 
general inhalation amcstHb'lios, oVing to the slight volatility 
of the higher members, which are the only ones possessing 
marked narcotic properties. On the other hand, thp ethers are 
far more volatile, and ordinary ethyl ether, O.Jl/ -O—C.JI,,, is 
"the most wide** used general amestfrotic/ 

If one of the hydrogen atoms in urea, he replaced by a 
tertiary alkyl group, derivatives are obtained possessing a 
naico/ic action. In accordance with the general rule, thbse 
containing an ethyl group united to the tertiary carbon atoms 
have a greater effect than those which contain only methyl 
groups in this potytjpn. For instance, substances containing 

/CH ]t 

. ..tertiary amyl, —0—0H,„ or tertiary hoptyl, —0(0 2 ff s ) 3 , are. 

VlH, 

more active than those containing tertiary butyl, —0(011.,).,. 

,NH—0(CHj) s . 

Torliary«butyl-uroa, 00, produces sleep in 
X NIL 

’ " NII-C(OH :1 ) 2 C 2 H r „ 

doses of 4 grams' tertiary amyl urea, G0( 

Ml. 

is an excellent hypnotic, which is both more active and more 
| pleasant to take than amylcne hydrate. It is, however, (lower 
in its action on account of its smaller solubility.' This sub¬ 
stance is completely oxidized in the organism, but symmetrical 
zNil—0(011.,) 2 C 2 Tf 6 _ * 

C0( , is a very stable sub- 

\nH—C(CII.,),, 0 2 II I , 
inembram; ; 0 jj passes into the urine unchanged and has no 
" The|;orrespua C tion. Tertiary-heptyl-uroa is very slightly 
is known as 13rom, ; 0 f j gram it produces first intoxication, 


whic ' vl-urca, 
found e. 



NARCOTICS AND GENERAL AN/ESTHETICS 57 

• 

Besides the urea derivatives already mentioned, many other 
amides possess hypnotic properties, Tmt most of these aro un¬ 
certain in their-action. 'Of greater importance are the ureides 
of dibasic aci'ds (cyclic ureides), many of, which have strongly 
marked sedative properties. Thus, diethyl-malonyl-urea— 


C,H, 


ffo- 


W 


on 


' 00 - 


-NII 

■'ll. 



and ethyi-propyl-malonyl uv»a* 

V ( '. ! <v 00 - Nil 

* * \a(' >CO 

OJI, 00 N*!! 


< 


have a strong hypnotic action; whilst dipropyl-malonyl-urea 
has so intense an hypnotic action that it is too dangerou#to bo 
used. . 

Special mention must he made of Veronal (diethyl-malonyl- 
urea, also known as diethyl barbituric »e*d and IJarbitone), 
which has attained a very great clinical importance, and is 
<iow perhaps more widely used than any other synthetic’ • 
hypnotic. It was formerly supposed to he practically free 
from toxic properties, hut lately several cases of veronal 
poisoning have occurred. Nevertheless, in the usual doses, * 
it is of very low toxicity and free from harmful*hy-efiects, 
and has the advantage, compared with*most synthetic hyp¬ 
notics, in the matter of taste, solubility, and promptness of 
action. Its sodium salt— 

t 0,11, 00—N—Na * 

• >C(' >10 

* OJI, CO—Nil ’ 

or more likely-— » 

OJI, GO—N 

. Vi o- Na 

C,H, 00—Nil * * *» 

known as Veronal-Podium (Medina!), has the valuably property, _ 
of being extremely soluble (1 in 5) mi water. Veronal, whijh^ 
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is a white crystalline solid, is prepared by a general method 
applicable to other di-alkvl barbituric acids. This consists in 
allowing dialkyl derivatives of malpnie-ester to react with urea 
or alkyl substituted ureas in presence of sodium ethoxido or 

other metallic ethoxides.' 

. i 


• .(10-00,11, II, N x 

■ ‘ + ; 
X C0—(KUI- H,n/ 

• V 


CO 


II,c 


.flO-NFL ' HOC.,II, 

"CO + 

90 - Ml 


.... ... lMCJI 

* . . . / 

Another method ol preparing these compoundrtOs to convert 

the dialkyl matonic acids into chlorides, and then to heal these 
with urea.'- * 


X C0— Cl II,N. ,C0 — NIL 

Tt,C< + ' )C0 = R,C< )C0 + 2IIC.U 

X C0—Cl II N " M'0 XII 

Instead of rising alcoholic sodium ethoxide as a condensing 
agent in the first *u»neess, one can employ the metal sodium 
itself, or its amide or the dry powdered sodium ethoxide. 5 
* The presence of an alkyl group confers hypnotic properties. 

/Nil, 

on many of the urethanes. Ethyl urethane itself, CO; , 

X OCUI, 

is a mild hypnotic but lnethyl-propyl-carhinol-urethane, known 
as Ilcduiuii, has a stronger hypnotic action. It is not much 
used, however. It can be ‘prepared by the action of warm 
mcthyl-propyl-csfrbinol on urea nitrate. 


/NFL * / 

C0< + HO—OH 

X NH„. UNO, 


CII, 


C 3 II 7 


Nil, 


CO 


\ / -‘ 

0—CII 


CII, + Nil, NO, 


\ 

0 3 h 7 


E. Fifchor, Annalm , 335 (1904), 334 ; Merck, D. K. P., 146,496. 
D. 11. P., 146,949. , Ubid.y 147,278, J 47,279, 147,280. 
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This method can be applied to the preparation of other similar 
compounds, using various secondary alcohols. 1 The introduc¬ 
tion of an acyl group (such as#CO -Off,) into the amino group 
of the urethanes lessens their toxicity, hut does not otherwise 
alter their physiological action. 

The pinacones show a narcotic action, which is least in the. 
case of dimethyl^.linacone 

)c(on)?~c(oi/)/ 

. cn/ , . ' 11. 

greater in thi‘ case of methyl-ethyl-pinaeone— 

S * ’ < H, 

C((Hli (-|l>) 11 i 

cjr/ • Min,, 

and greatest in the case of diethyl-pinacone- 

• CUL ,('.,11. 

' ('.Olli-.-C.iOil, 

(' II '(.II 


Kbtonhs AND Sui.lUlOMOK.* 

Most of tlie ketones have, hypnotic properties. Acetone is 
somewhat similar in its effect to ethyl alcohol; diethyl-ketone, 
((hir,)., . CO (propion), is a stronger hypnotic and amesthetic, 
but its insolubility and unpleasant taste have prevented its 
extended use. JJenzophonone, (C t .,lI,,)..CO, has a slight hypnotic 

action, but much less than that of the aliphatic ketones. The 

• • 

mixed aromatic and aliphatic ketoges have more marked hyp¬ 
notic properties in virtue of the aliphatic portipn of the mole- 
cule, acetophenone (hypnono), C,il r ,—CO- CJI.,, being a fairly 
strong hypnotic* while phenyl-ethyl ketone, II*—CO . C 2 II 5 , 
has a i 11 more powerful action. 

Of far greater practical importance are, tjie suljilione deriva¬ 
tives obtained from the ketones by the action of the mercaptan*, 
and subsequent oxidation of the condensation product thus 
formed— 

it, . ilSlt" It. .Sit" + II..O 

>*0 + = >C( ’ R .,S0 2 R" 

R ,/ HSR" R" X SR"--> )C( 

* It'/ x SO.,R" 

• * 

1 D, It. I\, 114,!3«G. 
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Baumann and Kasfc discovered that sulphonal- 


Cfl, 


so.,-c,h ; , 


• > (: x 

Oil., SO.-CJI, 

.when administered to animals, produced a strong rypnone 
effect. A large number of sulphones were then examined by 
these investigators, who found 1 that di-sulpl ones in whhSi the 
sulphone groups are united to t'fvo different carbon atoms, aro 
inert; for example, othyleno-d : othyl sulphone— ( 

til. SO., i'll 

I. ^ 

CH,,—SO—GJI, 

They also found that sulphones derived from methane (he. 
those in which the two SO., groups are united to a OIL group) 
are Inert, as also are those containing methyl groups bu'l no 
ethyl groups. 

,S(>. ('ll.. 

E.g. Methylene - dimethyl - sulphone, CTI., 


'SO.,—011.1 


inactive. 


Methylene-diethyl-sulphono, Oily' 


.SO. OH 


is inactive. 


'SO.-CJI, 


Ethyli^enc - dimethyl - sulphone, OH.,—€11 ( 


..SO. OIL, 
'SO.,—Oil,’ 


inactive. 

On the other hand, ethylidene-dtei/iy/-sulphonc— 

cn 3 —cti(so s . 

has a similar action to that of sulphonal, while the entrance 
of an ethyl group into the central methylene group also brings 
about the appearance of a narcotic action. 

E.g. C.Jdr,—CH(SO« . OH.,).,, slight naic6tic action. 
(C 2 H 5 )(CH 3 )C(S0 2 Cilj 2 „ 


m,s 


..SO., -OH, 


, isomeric with, and similaV physio- 


Vj/' 

OJf/ X S0,,.OIL, 

logical action to, sulphonal (“ reversed ” suVphonal). 

1 Zeit. physiol. Chcm., 14 (1890), 52. 
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. C.JV, / SO a —C,H, 

Trional, // , has* a move powerful and 

cm/ KCV- < # ,I! 

prolonged action than sulphonal. Tetnmal, (O..TI,,).,C(SO.,OJIT, 1 ) s , 
is very insoluble, and therefore is not so good an hypnotic/ut 
for dog* it appears to have thotnost powerful action of all the 
sulphones. • , 

The above examples indicate that ( the intensity of the lryp- 
notifc action appears to be conditioned by the number of cihyl 
groups ithe molecule. A st;»d£ of the fate of these confpounds 
in the body'l^js revealed the curious fact that those sfilphones 
which are readily decomposed by ordinary chemical means are , 
relatively stable in the organism, whjlo those which are more 
resistant to ordinary chemical reagents are oxidized by the 
ori'anism. For example, sulphonal, “ reversed ” sulphonal, 
trional and tctronal, though very stable to strong reagents, 
such as permanganate, are to a great extent decomposed k> the 
organism, while OTL(SO.,. C.JI,,),,, which is easily decomposed 
by alcoholic potash, is found unaltered inthft urine. 

Sulphonal and trional are of great practical importance, as 
they are amongst the most widely used hypnotics. Technically,* 
sulphonal is prepared by the condensation of ethyl mercaptan 
and acetone in the presence of zinc chloride, and oxidation of 
the mercaptol thus formed with excess of permanganate. 1 

CH HSC..1I, Oil.,, . B—C .11,. 

\e<n__ " \(’.- 

cm./ rise, it, cu/' J ^s-(i,H, % 

(Mi. „ko„- .c. II 

- •)<?( ‘ “ 
(Mi/ SO (’,11, 

Trional is prepared in a similar mannei* but the preparation 
is complicated by t^ie necessity of introducing the extra ethyl 
group in place of methyl. This can he done in three different 
ways. 2 

(1) Methyl-ethyl-ketono is condensed with ethyl mercaptan 
by means of dry HC1, and the resultant mercaptol’oxidizdfl. * 

» 1 
1 Tiaumann, Hit?.., 19 (1SRG), 2808. 9 

2 1). It. P., 49,078, 49,800 ; Fronim,«4n)ta/<'n, 253 (1889), 148. 
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CEL, IISC.,II, 

J \ C 0 — 
cm/ hsc.,h. 


OH,,, ,S—C,H, 

\c( 

CM/1 7 S—CML. 


GIL, ,SO„—C..H 

/('/ ' " 

CM,/ H SOi G„U 


' This method is 
suljohontti. 

(C) Propionic aldehyde is condensed with ethyl mercaptan 
and the product oxidized as before. The oxidation product i 
then methylated with methyl iodide and caustic^ >oda to torn 
. trional. . ■ 


strictly analogous to the method of pi'ejjjtrini 
t « A 



IISC.H. ! (ML., 

— M_z " ' \( 

SC,II. 

11SC, 11, II 7 

7 SC, 11, 

ML. /SO.,(Ml, 

(Ml. .SO, (MI 

, * ")C( ■ " 

IT 7 'S().,< ',11 

('ll., 7 ''SO,,- -C,H 


(3) By starting'with ordinary aldehyde, instead of propionii 
aldehyde, and ethylating with ethyliodide and sodium ethylati 
in the last stage instead of methylating, trional can be obtained 


en s . 

it 


C - 0 


('ll,, ,.S(M1 

II 7 -'SC, II. 


CM.,, /SO,. 

' \(y 

TL 7 7 S0.,--C,II ; , 


Clh, 


C..II 


/SO,, G..TI 
7 SO., (Ml 



CHAPTKIi V. 

* 

ANTIPYRETICS AND ANALGESICS. 

(DifluyATIVKS OF An'IMNH AND 1’nHNVI.llVDIlAZlIii:.) 

V 

The substances to be dealt with in this chapter include some > 
of the most important of the synthetic drugs. These substances 
were originally introduced on account of their power of reduc¬ 
ing the body temperature in fever (antipyretic action), Ipit 
their present importance is due, to an even greater extent, to 
their action on the nervous system in soothing pain (analgesic 
action). * 

The original idea of chemists was to jfl-dlluce a compound 
with properties similar to those of quinine, and this they sought 
to accomplish by preparing substances the composition of which 
was closely related to that attributed to that compound. The 
formula in vogue for quinine was however incorrect, hut in 
spite of this, several compounds were produced which had a 
marked antipyretic effect, hut which lacked one veryaimportant 
attribute of quinine, namely, its sjyicilic effect against malaria. 
Quinine was shown to be a derivative, of quinojine, and further 
to differ from the less active cinchonine in containing a methoxy 
group in the #pi (1-0) position to the quinoRne nitrogen, 

Quinoline itself has an antipyretic action, but 

• 

cannot be used as if drug, owing to its unpleasant by-effects. 
Paramethoxyquinoline has a weaker antipyretic action than 
quinoline, but in accordance with the previously mentioned fact 
that tetrahydroquinoline has a stronger physiologicaj action jhaj^ 
quinoline, it was supposed that quinine was a derivative of epi- 
methoxy-tetrahydroquinoline. This supposition is nqjv known 
to be incorrect, but nevertheless when G-melhoxyquinolip^ 

63 
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CH.Oi 


CH,p| 


is reduced to its tetra-hydro compound, 


N 
• (JR, 


OX: 

Nil 


we obtain 4 . substance (TIUilline) with a 


strong antipyretic action, though without an} specific elftCt in 
malaria. It is not usejl as a dnfg, as it has harmful effects on 
the blood and kidneys. • t 

Souk? earlier experiments had been carried option N.-alkyl 
quinoline, derivatives, and it was found that the introduction 
of an hydroxyl group caused the effect to appear more rapidly, 
hut also to cease more quickly and suddenly. For example, 

(II. 

pACHp 

kairi’iic, hydroxy N.-ethyl-telrahydroquinoline, j j I ", is 

v /\/CII 2 
HO N 


I 

CJI,, 

more rapid than Kairohm A or Kairuline, B, which are re¬ 
spectively N.-ethyl-tetrahydro- and N.-mcUiyl-tetrahydro-quino'- 
lines— 


CII, 

Cll, 

(ill., 
N 

, I 

CJI, 


and 


CH„ 

iCH, 


xp: 

N 


Cll, 


These suhstat'ces are al! useless, owing to theii* toxic action on 
the red blood-corpuscles. < 

Although the artificial quinoline derivatives have proved use¬ 
less in medicine, a compound produced by Knorr,' with the 
intention of obtaining a substance resembling quinine, mot with 
a great and surprising success. The compound in question 
was firgt considered by Knorr to possess a structure J similar 
to that which was then attributed to quinine. Later Knorr, 
however, showed that it was more closely Related to pyrazole 

1 


Annalen, 238 (1887), ,137. 


■Her., 17 (1884), 2037. 
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N CH 
ir ii 
HC—CH 

in structure, being in fact ph'eny^dimethylpyrazolone- 

N—C„H, 

CII 3 —N/\00 

ch 3 —c 1 . Jch • 

# • 

This compound has attained a very extended use in nredicim 
under the name of antipyrine. 

it is obtained by thd action of aceto-acctic ester on phony] 
hydrazine, whereby a hydrazone is formed, which on heating 
loses the elements of alcohol, with the formation of phenyl- 
methyl-pyrazolono. This is then heated with methyl ipdidt 


antipyrine. 1 


Phenyl hydrazine. 

• * 

NII-C b H„ 

/K nn. 

HNS: 

HN 

O-CVH, 

: 0—C.,H 

I 

+ 1 

1 

= CO 

m 1 • 

HO: CO 

OII-C— c!h 

ch 3 —c~ (Tn 


Aceto-acetic eater. 

Hydrazone. 

• 

| Heating. 


N—C„H S 

• /\ 

cii 3 -n • CO 

1 1 

/\ 

HN . CO 


CH ;l —(j - CH 

CHj- C~ CII 

Phenyl-dimethyl-pyrazolone. 

Pheuyl-inethyl. pyrazolone. 


- »» liuusuiuuou is connrmea ny its direct 

.thesis from CJI.-NJI-NII—CH 3 and aceto-acetic ester. 


1 D- B. P., 20,429, 33,536, 40^37, 42,726. 

5 
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Its salt with acetylsalicylic acid (cf. p. 157) is known as 
Acetopyrine. c 

Antipyrine has a very strong antipyretic action, which is 
far greater than that of quinine, and it is free from injurious 
effect on the haemoglobin, but it has no specific action against 
malaria. On the other hand,'it has the very useful property 
of diminishing neuralgic pains (analgesic action), which has 
secured for it a great popularity. A large number of deriva¬ 
tives of antipyrine have been placed on the market, but most of 
these have no advantage over it, and many of them are very 
loose cbmpounds of antipyrine and other substances, which 
act practically like mixtures. One derivative of antipyrine has, 
however, proved of great value, namely, 4-dimethyl-amino- 
antipyrine. This substance, which is called Pyramidon or 
Amidopyrine, is about three times as powerful in its action as 
antipyrine, and also has the advantage of being free from in¬ 
jurious effects on the heart (Robert). It is prepared by treating 
an acid solution of antipyrine with sodium nitrite, whereby 
nitroso-antipyring is formed. This on reduction gives amino- 
antipyrine— 


w 

CH-N/\GO 

ch 3 —d !c —no 


CH s -N/\GO 
<:ii s c c Nib, 


which is Isolated in the form of its benzylidene derivative 
condensation product with benzaldehyde)— 


-■ Cll 3 - n/\go 

CH, -C C N GH—C,II f , 


(i.e. 


This is then decomposed with hydrochloric acid, Sod on methy- 
lation yields pyramidon— 


CH 3 -N/\CO 
GHj— cL,,JC— N(GH 3 ) 3 . 


The success of antipyrine, and the mistaken idea that its 
action might belong to phenylhydrazine derivatives in general, 






ANTIPYRETICS AND ANALGESICS 


67 


led to the production of a large number of these, most of which 
are, however, without therapeutic iflilue. The intense toxic 
action of phenylhydrazine weakened by the entrance of' 4 
acetyl groups, but the monoaeetyl derivative ( hydrctketin ), 
C 0 TI & — Nil—,NH . CO . CII 3 , and tho diacetyl derivative, 
C # H 4 NH—N(CO.CH,)>, are I'rfith too toxic to lie of any use. 
Other phenylhydrazine derivatives have been prepared, ,ia 
which the carboSyl group enters the molecule, (f.g. the hyjlra- 
zone of laivulinie acid— * , 


CH 3 . • 

I ' 

C=N—Nil—C B IIj 



I ' 

CII, 


I 

coon 


called AntUhcrmin, hut this, like Orthin, 


HOOC/YNII—NH. 2 , 

• . Uon 


and other derivatives of this type, is too toxic for use. 

* More success has attended a compound in which acid amide 
groups arc introduced into the molecule, meta-benzaminsemi- 
carbazide, 


II.,N—CO—, 


Nil—NH—CO—NIL, 


having been extensively used as an antipyretic under the name 
of Cryoyenin. 

Maretin is m^ta-tolylseraicarbazide, 


OH..—NH—NH—CO—NH., 


Aniline Derivatives. 

The antipyretics already described owe their origin to the 
endeavowr to prepare substances similar to quinine. Thoso to 
bo dealt with in the present section are based on tfie discovery! 
of Cahn and IIepp,*that aniline and acetanilide have powerful, 
1 Zentralblatt f. klin. Med ., 33 (1886); Iier. klin. W. (1887), 1 and 2. 
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antipyretic and anti-neuralgic properties, and the low price of 
_ aniline gave a still further stimulus to the endeavour to find a 
suitable derivative of it that could rival the more expensive 
quinine and antipvrine. Aniline and its salts have a strong 
antipyretic action, but they are readily absorbed, and owing to 
their action on the h®moglobin,i give rise to toxic symptoms. 

'By the entrance of an acetyl group, aniline is rendered more 
res?:tant and less toxic, so that acetanilide, NH . CO . CH 3 , 
has been used in medicine unde'r the name of “ antifebrin." 
It has' marked antipyretic properties, and also act" as an 
analgesic. Though far less toxic than aniline, yet 1 its physio¬ 
logical effect is due to the slow liberation of aniline, and after 
a time symptoms of aniline poisoning may become apparent. 
It is only used now on account of its cheapness—it is by far 
the cheapest of all antipyretics—and it forms the active in- 
gredieBt of many of the secret remedies that are advertised ’for 
the care of headaches, etc., and is also used to adulterate other 
more expensive drugs, such as phonacotin. Small quantities 
of acetanilide are oxidized in the body to para-aminophenol, 1 
and the observation of this fact has led to the introduction of 
1 various derivatives of para-aminophenol as antipyretics. Be • 
fore passing on to these, attention may bo given to some other 
compounds which are more closely akin to acetanilide. In 
most of these cases the compounds that have been introduced 
could have^no marked advantage over acetanilide, as they like¬ 
wise depend on the liberation of free aniline for their physio¬ 
logical effect. For example, benzanilide and salieyl-anilide 
resemble acetanilide, but have to be given in bigger doses, as 
they are less readily split up in the intestine; while on the 
Other hand, formanilide, owing to the ease with which it under¬ 
goes hydrolysis, is far more toxic than acetanilide. Toluidine 
derivatives also have not the slightest advantage over acetanilide, 
as all the three toluidines have, when once in the system, prac¬ 
tically the same toxic action as aniline. 

Attempts have been made to obtain more soluble derivatives 
of acetanilide by the introduction of acidic groups. As the 
sparing solubility of acetanilide does not have any injurious 
. effect on jts therapeutic action, these attempts must be regarded 

'SchmiedebdVg, A. e. T. />., 8 (1878), 1. 
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as quit6 unscientific, especially as the # resulting compounds are, 
as was to be expected with acidic substances, quite inert and-, 
without the characteristic action of acetanilide. An example 

. NH . CO . CIL, 

of thi£ class is Cosaprin ,* 

SOaH 

Substances containing a f&lphonic r*ci<1 group in the wposi¬ 
tion of yie acetanilide molecvde*are said to he an exception to 
the rule that acidic substances are inert. These derivatives are 
said to be easily solyblo and to have an antip 3 'retic action, but. 
they do not appear to have come intense, and it may therefore 
be that the original statements as to their antipyretic action 
were mistaken. 

. NH . CO . CIL,. SO a Na is an example, and is prepared 
as follows: The aniline salt of chloracetic acid is treated with 
phosphorus pentoxido— 


/ H 

CV.II,—N- j[ 

CO—CH a Cl 


PA 


C (i H,. HN . CO . CH 2 C1‘ 


The product is then heated with an aqueous solution of sodium 
sulphite— 


CJI,. NH . CO . CILC1 + Na.,S0 3 

- NaCl + C*JL . Nil. CO . Clio. SO.,Na, 

the sodium salt of the acetanilide sulphonic acid separating on 
cooling.- . . 

Methyl-acetanilide, C,LL,. N(CH 3 ). CO . CH„ exalgin, has 
toxic properties and is not much used in medicine. 

An aniline derivative of a different typo is phenyl-urethane, 
Euphorin, C c II,. Nil. COOCJL. It is prepared by the action 
of aniline on chloro-formic ester— 


C 6 H 6 . 6JH, + Cl. COOCJL, = CJL,. NH . COOCJL, . 4 - HC1. 

It is far loss toxio than aniline, and has marked F , o- 

perties, but is irregular in its antipyretic effect. 

1 D. R. P„ 92,796. ’ fbid., 79,714, 84,654. 
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Deeivatives, op Paka-aminophenoi,. 

The use of para-aminophonol derivatives as antipyrctigs is 
due to the discovery that aniline and its simple derivatives are 
partially converted by the organism into para-aminophenol, 1 
which is then eliminated as a Wphonic acid derivative or as 
a compound of glycuronie acid. Para-aminophenol is far less 
toxif than aniline, but it still has an action on the haemoglobin 
sufficient to be harmful in moderate doses. The replacement 
of the hydrogen of the amino group by an acetyl gro: p, with 
the formation of HO ( ^>NH . CO . CH,, yields, a compound 
with a lower toxicity than para-aminophciiot, and with anti¬ 
pyretic and anti-neuralgic 1 properties, but still not quite satis¬ 
factory as a drug. The next step was the replacement of the 
hydroxylic hydrogen by radicles, and diacetyl-aminophcnol, 

CH, 

CH,. CO . C< >NH . CO, was prepared, hut it was found 
to be inferior in, its; action to para-ethoxy-acetanilide and 
para-methoxy-acetanilide, C,IL,0< ^~ / 'Nil . CO . CII,, and 
CH.,0 V /'NH . CO . CH,, which were named plieiiacetin and 
methacetin respectively. 

The last-named compound was found to possess antipyretic 
and anti-neuralgic properties in the highest degree of all, but 
phenacetin, in. which these properties are only slightly less 
well marked, has the advantage of having less toxic action on 
tho blood. Phenacetin, which was the first drug of this class 
to be placed on the market, has retained the lead ever since, 
and is by far the most important compound ot' this class, and 
indeed, at the present time, is probably more used than.‘iny of 
the other antipyretic and analgesic substances. 1 

The starting point for the synthesis of phenacetin is para- 
nitro-phenol. The sodium salt of this is treated with ethyl 
bromide, and the product reduced with tin and hydrochloric acid. 
Tho paRi-phenetidine thus formed is then acetylatcd hv boiling 
with glacial acetic acid. 2 

1 Schmiedeberg, lac. oil. 

3 Paul, iiiit. agwd. Chcm. (1896), 594; Hiusberg, Annalen, 305 (1899), 
278', Hurat and Thorpe, S. C. S„ 107 (1915), 131. 

^Ti 
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NO, 



NO, 


OC.JL 


NH 2 NH . CO . CH 3 



Piira-phcnetidme. Acofcyl para-phcnctidine 
f (phenacetin).* 


On the commercial scale, an ingenious variation of this pro¬ 
cess has been dev’sed, whereby one molecule of pa^a-nitrophr^fol 
is made to furnish a large nufiibor of njolecules of phenacetin. 
This prt^’.ess is adopted on acgctint of the fact that pasa-nitro- 
phenol is rather dillicult to obtain in the pure condition. In 
this process, the para-nitrophenol is converted into para-phene- 
tidine by the method already described, and the phenetidine 
is then diazotized and coupled with phenol in the presence of 
sodium carbonate. This is then ethylated, and the product 

OC.JL, Oil 

0 * u ■ 

N,CI 


OC.JL, OH 



'C,TI,,0 


NH., 


I 

0,11,0 00,IL, 



N-N, 


thus obtained is then reduced, whereby two molecules of phene¬ 
tidine are obtained. These can then he concerted into phena¬ 
cetin by acetyjjvtion, or can he made to yield a Rouble quantity 
of phenetidine by repeating the above-described process 1 of 
diazotization and coupling with phenol. 

Phenacetin is also obtained by the ethylation of p-acetylamino 
phenol.- i 

Phenacetin is only slightly toxic, but when given in very largo 
doses, some methaunoglobin is found in the blood. Its anti- 
pyreticf action is due to increased heat-loss from the Surface of 
the body, but this drug is used chiefly for its analgesie^tlSn, 
in the treatment of headache, neuralgia, etc. 

1 D. R. P., 48,543. 


‘‘Ibid., 85,388 ; Hinsberg, loc. cit. 



72 SYNTHETIC DRUGS 

o 

Several other derivatives of the phenacetin group h$tve been 
prepared, but none of them have any novel therapeutic action, 
as in all of them this depends on the liberation of para-amino- 
phenbl or para-phenetidine in the body. Indeed, it has been 
shown by Treupel and Hinsberg, 1 that the antipyretic action 
of aniline and para-amino-phchol derivatives is, within'certain 
limits, proportional to the amount of aniline, psra-amino-phonol 
or^phenetidir.e, formed in the organism. 1'his statement is 
based on the fact that, in those cases where an antipyretic 
action is found, the urine shov,s«the. indophenol reaction, and 
that the 1 intensity of the reaction is roughly proportional to the 
strength of the antipyretic effect. This reaction is carried out 
as follows: The urine is acidified with two drops of hydro¬ 
chloric acid, and two drops of a one-per-cent, solution of sodium 
nitrito added, whereby the phenetidine (or other primary amino) 
is diaxotized. On adding an alkaline solution of /I naphthol, a 
red coloration is produced, which becomes violet on acidifying 
with hydrochloric acid. This reaction is given by— 

OOIIj , OC 2 H 5 oc,h 7 

0 0 ,nd 0 

Nil. CO . OIL, NH . CO . CH 3 Nil. CO . CH, 


which resemble phenacetin in their physiological action, but not 

by , which has no antipyretic action, and 

"'CO. CEL , 


no action on the blood. If, however, tho hydrogen of the amino 
group is substituted in phenacetin itself, physiologically active 
substances are'obtained. For example, the methyl derivative, 
C 2 H 5 0<_J>N . CO. CHj, has greater narcotic and anti-neuralgic 

fill., 

properties, but less antipyretic action than phenacetin, while in 
the ethyl derivative, C,H 5 0 . C 0 II 4 —N—CO . CII 3 , there is an 

<u 

inoreage in the narcotic power, accompanied by a decrease in 
the toxic properties, the antipyretic action being retained with 
* A. e. P< P., 33 (1894), 216. 
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slightly diminished intensity. In the higher members of the 
series, such as the propyl and butyl derivatives, the narcotic and 
anti-peuralgic properties rapMIy diminish with the increase in 
the molecular weight. In, this series the maximum antipyretic 
. and anti-neura)gic effect is shown by the methyl and ethyl de¬ 
rivatives, and the minimum tuxicity by the ethyl compound. 
This correspond^ to the effect of substituting the liydroxylic 
hydrogen of amino-phenol by alkyl groups, whictf is illustrated 
by the following table, showing*’'the alteration of tJhe physiological 
effect produced by the entrant* bf alkyl groups in the hydroxyl 
of acetyl-amino-phenol :■— * 


Kormula and Naim; of Substance. 

Phyairjngical Effect Compared to that 
of p. -aeetyl-amino-phonol. 

, ' (1) 

0 (i H / Mothacetin. 

\NH.CO.CH. { (4) 

Anti-pyrotie and anti-ncyra!g*c 
effect strengthened. 

Less blood toxicity. 

• 

n „ I 1 ) 

L 6 H 4 / Phenacetin. 

. \nH.CO.CH,(4) 

Anti-pyretic? fiction maintained, 
analgesic action strengthened. 
Much loss blood toxicity. 

ou/ 00 * (1) 

x NH.CO.CH.,(4) 

Anti-pyrotic action slightly weak¬ 
ened. 

Blood toxicity diminished, but ** 
toxicity greater than with mefch- 
acetin a»d phon^cetfh. 

c„h/ 0W (1) 

\NH.CO.OH 3 (4) 

• 

• • 

Anti-pyretic action weakened. 

• 


This table ghows the superiority of phenacetin over the other 
members of the homologous series. The only substance as yet 
mentioned which appears to have any possible advantage over 
phenacetin is its substituted ethyl derivative— 

CjHjO y _>N—CO . CH, 

I 

C 2 II, 

In this case, its possible slight advantages are proljp,bly out¬ 
weighed by its increased cost. 
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Owing to the slight solubility of phenacetin, many attempts 
( , have been made to prepare more soluble derivatives, which 
should nevertheless be sufficiently stable to resist the action 
of the dilute hydrochloric acid of the gastric contents, and so 
prevent the liberation of poisonous phenetidino* salts. As the 
slight solubility of phenacetin' 1 does not appear to interfere 
w'.jh its physiological effect, these efforts I’fo not of great 
practical value The introduction^ of sulphonic acid or carboxyl 
groups in ordei to obtain increased solubility, was not likely 
to moot with much success, as 'generally the presence of acid 
groups tends to destroy the physiological activity of a com¬ 
pound. For example, both the sulphonic and the carboxylic 
acid of phenacetin are almost inert, hut the sodium salt of 
the former has been introduced under the name of Pin 1 ,sin, 

C.,TI,Q<(3 y'NH . CO . CH„ and is said to have slight temporary 
SO.,Na 

antipyretic properties. 

Similar compounds to phenacetin have been prepared in 
which the hydrogen of the amino group is replaced by acid 
radicles other than acetyl. Para-propionyl-phenetidine (Tri- 
phenin ) is similar to phenacetin, but less soluble and hence 
less physiologically active. 

Lactyl-phenetidine (Laclophenin )— 

, C.,I1 ; ,0< ' ;NH.CO—CH—CH, 

Oil 

is more soluble than phenacetin, and has less anti-pyretic action, 
but has well-marked anti-neuralgic and narcotic properties. It 
is more liable to liberate toxic phenetidine hydrochloride, . 

Para-ethoxy-phenyl-suceinimide ( Pyrantin )— 

CO—ca, 

/ 

caoOn 

- X CO-CII 2 

• and diaeetyl-phenetidine, C,H,Q<( ^>N(ftOCH a ),, have been 

prepared, but have no vakie. 



ANTIPYRETICS AND ANALGESICS 


75 


Salicyl-phenetidine is stable, insolubty, and practically inert, 
as would be expected, and amygdophonine— 

'* II 

C*1 L.0O-NII- CO—0—C,i 1. 

I 

on 

is also rather insoluble and inert, ft is the mandyfic acid dr^i- 
vativc of phenetidine. 

It ha» been noticed tha> •phenyl - urethane, EwQhorin, 
<C / -Nil CO . OCJ.H,,, is partially oxidized by the organism 
into para-hydroxy-phenol-urethane, and some of its derivatives 
have been prepared for phannacoutioal'purposos. 


/OH 

C,.U,( /OOOC 3 H., 

\n< 

CO . CT [., 

Arc ty 1 p. -1 1 y d roxy ph c - 
nyl urethane 
(neurodin). 

Very iusolublo in colij 
wator. Rapid • but 

uncertain anti pyretic 
action. 

• 

/OC..TT, 

c„n< 

. \NII-cooc„h 5 

Para-el hoxy-phcnyl- 
urethanc. 

• 

Mor<?certain anti-pyretic 
action. 


1. he acetyl derivative of the last-named above has been intro¬ 
duced under the name “ The.rmndin.” It has a gradual anti-* 
pyretic action, is not toxic, and has no depressant action on 
the heart or respiration. It is insoluble except *n acid media. 
Various derivatives of this typo have been prepared by Merck, 1 
by passing carbonyl chloride into a solution of para-oxy^rhenyl- 
urethane, or acid derivatives of para-phenetidine in presence of 

alkaliei^— 

/OH. (1) 

2C (i H 4 ( + COCI, 

X NII. COIt (4) 

,0—C,,II,—Nil .COR 

- C0( + 2IIC1 

x 0—C„H.- Nil. COR 


where R = CH,, C (! U,„ OC 3 H,„ or OC :1 JL. 

If the reaction is«arried out in alcoholic solution in presence 
of sodium ethoxide, mixed carbonates are formed— 


1 D. R. I’., 09,328, 85,803. 
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,0(11 Cl). CO . (Cl + H)OC,H 5 

+ 

X NII . CO . R 

,0— C 2 H, + 2HC1 

= C0( 

« x 0—C„H 4 —Nil. COR „ 

By varying the alcohol, methyl or propyl groups can replace 
if e ethyl group. 

’Among otihir derivatives of phenetidine which have been 
prepared are certain condensation products with aldehydes. 
Mention may be made of Malakin — 


0C»II,, 



\ 

N^CII—<d> 


prepared by condensing phenetidine with salicylic aldehyde, 1 
Malarin , 2 the citrate of methyl - benzylidene - phenetidine, 
C 2 IIO < ( ) >N—C—CJIj—CH S , vanillin-phenetidino 3 — 


,0N 

C„H / OCH ;! 

\n=CHCZ> 0H 


(said to be a good styptic) and the para-phenetidino derivative 
of vanillin ethyl carbonate 1 — 


OCHj 

• C.JI 5 0<O- Nr * CH vZ)°- (J00C ! 11 :.- 

which has been named Eupyrin. None of those are, however, 
of any particular value. 

A soluble derivative of phenaeetin has been prepared by 
Schmidt and Majert, by the action of ammonia on bromaeetyl- 
phenetidine (bromo-phenacotin)— c 

Cft0O»H • CO . CFIiBr + II. NIL 

= C^^ONH • CO . OIL,. NIL, + IIBr. 
TDrj-amino-phenacetin thus formed is named Phcnocolt. Its 
hydrochloride is readily soluble in water,, and has a similar 

1 1,. R. P„ 79,814, 79,857. Ubid., 87,897, 98,840. 

, ‘Ibid., 96,312. 4 Ibid., 101,684. 
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aotion to phenacetin, but the action appears and disappears 
more rapidly. It is said to have a greater analgesic action, and 
also to have antiseptic properties, and to be a good substitute 
for salicylic acid as an anti-pyretic in rheumatic fever.* Its 
only insoluble s^lt is the salicylate, Salocoll. 

So far.; mention has only been made of phenetidino derivatives 
in which the hydrogen of the hydroxyl group has been replaced 
by siniple alkyl groups, but several derivatives have been pr e- 
pared where this hydrogen haadreen replaced byjnore complex 
groups. , , . ' V 

For example, acetylamino-phenyl benzoate— 

C,,H,. CO . 0.ONH . CO . CII„ 
acetylamino-phenol acetamide— * 

NH,. CO . Clio . 0 <~> N R . CO . CIf 3 , 
acetyl-ethylaini no-phenol acetate— 

Colli 

CII,. CO . 0<_ J>—N—CO *041,, 
and lactyl-amino-phenyl ethyl carbonate— 

CoH 6 0 . 00—0<J>NII—CO . CH—CH S 

on 

have been prepared and described, but d(j not f*ppftu- to have 
had any practical application. 



CHAPTER VI. 


ALKALOIDS. 

A discussion of the chemistry of the alkaloids would be out of 
place i i this work, and the reader who desires further informa¬ 
tion on this head is referred to special works dealing with the 
subject, such as Pictet’s “ Vegetable Alkaloids.” Nevertheless, 
it is of interest to mention some of the recent work that has 
been carried out in this field, a good deal of which has not yet 
found its way into the text-books; much of this is to be found 
in the section dealing with the isoquinoline alkaloids. 

No precise and satisfactory definition of the term “ alkaloid ” 
can be given, and it has generally been used to denote nitro¬ 
genous basic sub dances of a cyclic structure found in plants, 
but it seems advisable to restrict its use to substances possess¬ 
ing a more or less marked physiological action. The alkaloids 
possess a special interest for the study of the relation between 
nhysiological action and chemical constitution, owing to the fact 
that many of them, even in small doses, produce very marked 
and detmi.e physiological effects, and that a slight alteration 
in the chemical structure of the molecule often produces a 
decided change hi this effect. 

Mention has previously been made of the fact that the re¬ 
duction of a nitrogenous ring generally produces a marked in¬ 
crease in the toxicity and strength of the action of the drug, 
and sometimes completely alters its character. i’’or example, 
pyridine has no marked toxic action and lowers blood-pressure, 
but piperidine is very toxic and raises blood-pressure, fi- 
naphthylamino is not very poisonous, and contracts the pupil 
of the eye, hut tetrahydro-/3-naphthylamine is move poisonous 
t;.i anates die pupil. Many other examples of this type will 
be encountered from time to time. In albcases it is probably 
‘connected with the fact that reduction causes the substance 
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more nearly to approach the aliphatic bodies in its properties, 
while in the case of pyridine and quinqline rings, it is connected 
with the change from tertiapr nitrogen to the more reactive • 
secon’dary form. , 

Although the substances containing reduced rings are more 
active physiologically than thos<) containing pyridine or quino¬ 
line rings, yet the activity is often apparently dependent upon 
the cyclic structure, as the open chain compounds are in 
general much less active than ,the corresponditv/alicyclic oifes, 
and nearly all the active alkaloids art? possessed of a cyclic 
structure. For example, 8-amino-valerianic acid and -jramino- 
butyric acid are without any particular physiological action, 
but their anhydrides, the cyclic bases piperidone— 

CHj 

ch 2 /\cil. 
ch! Jco 

Nil 

and a-pyrrolidone— 

li.C-OIL 

I I 
11,0 00 

\/ 

Nil 

have a powerful action. 1 In the same way pentamethyletfL • 
diamine, NIL [ l CH,],,NH,, is not toxic, while piperidine is. 

The size and position of the side chains attached to the ring 
have an important effect, and in some cases relationships have 
been traced between these factors and the physiological action. 
Thus, most of &he alkaloids are derivatives eithvr of pyridine 
itself, or of quinoline or isoquinoline, both of which latter con¬ 
tain a conjugated pyridine nucleus. Pyridine has only a slight 
physiological action, but more active bodfes are generally ob¬ 
tained by reduction or by the entrance of aliphatic side chains. 
The introduction of the latter is accompanied by the appear¬ 
ance of intoxicating action, which increases with the length 
and thehiumber of the side chains.- The toxic action qfjpperi- 
dine itself is not very strong, but it is increased in -a-iqethjl 

1 Schotteu, Der., 21 (1884), 2818; Gabriel, Ber., 23 (1890), 1779, 3836. 

■'Kendrick and Dewar, I'ruc. Huy. Soc.,% 2 (1874), 138. * 
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piperidine (pipeeoline), and still more in a-ethyl piperidine and 
i-propyl piperidine (coni'ne). The toxicity of these substances 

,<ra, 

CH-fAcHs 

< CII-CH,-CH.,-CHvJcH.. 

NH 

,9 in the ratio of 1: 2: 4 :8. 

in a previo '3 chapter reference has been made to the re- 
mricable discovery of Crum Brown and Fraser on the effect 
if transforming a tertiary base into a quaternaryammonium 
lompound. In the case of almost every alkaloid which is a 
icrtiary base, the original action disappears and is replaced by 
i curare-like action. The quaternary methyl and ethyl deri¬ 
vatives of atropine are partially exceptional; they resemble 
itropine itself in their action on the sympathetic nervous 
lystem, but differ from it in their action on the central nervous 
system and in having a curare-like action. Thus, atropino- 
nethyl-nitrato retains the mydriatic action of atropine, while 
,he action of atropine on the brain is lacking in this substance 
md also in the alkyl bromides of atropine and the allied 
ilkaloids, hyoscyamine, homatropine, and scopolamine. 

The effect of the presence of hydroxyl groups, carboxyl 
,r oups, unsaturated linkages, etc., has already been dealt 
,vith in a previous chapter, and the special importance of the 
;sterificati6n o f hydroxyl groups by acid radicles in alkaloids 
A’ill be discussed in connection with cocaine, heroin, etc. 

Of the alkaloids which are used in medicine, caffeine, theo- 
rromino, and the other'purine derivatives are often considered 
leparately, on account of their close relationship to various 
ron-alkaloidal substances, such as uric acid, xanthine, etc. 
These alkaloids and their derivatives will therefore be eon- 
iidered in another chapter. The morphine group, the isoquino- 
ine derivatives, and tho derivatives of tropine will bo considered 
n the following sections, and there remain quinine, pilocarpine, 
tnd strychnine as being important from the medicinal -point of 
ri„. Nicotine and many other alkaloids are also of great 
nterest, but they are not much used in medicine, and eompara- 
Svely little work has been done on them during recent years. 
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It has been shown by the work of Jowett 1 and of Pinner 2 
ihat pilocarpine probably has the coastitution represented by 
ihe formula— 


C. 2 H fl —CII—CH—CH,—C-N—CH„ 


CO 


OIL, 


V 


CH CH 

\ S 

N 


md that isopilocarpine is probably a Jtereo-isCmoride. (Phis 
ilkaloid r 'has not yet been synthesized, nor have synth$ic sub- 
itances of similar constitution and physiological action been 
ntroduced into medicine,, and therefore it need not be con- 
lidered at length. Pilocarpine illustrates the difficulty often 
sncountcred in correlating chemical constitution and physio- 
ogjcal action. Pharmacologically, it is very similar in mayy 
espectsto muscarine (hydroxycholine, (IIO) 2 C.JI 3 N(CH.J 3 OH), 
o which it bears no particular chemical relationship. On the 
ither hand, it may bo pointed out that pilocarpine resembles 
licotine in some of its physiological elTects, and that both sub- 
tanccs contain a fivc-membered ring containing nitrogen. It 
s true that nicotine also contains a six-membered nitrogen 
ing, but its physiological action is probably due more to the 
ivc-membercd pyrrolidine ring. (Of. quinine.) 

Our knowledge of the constitution of strychnine is not in pro- 
lortion to its importance in medicine; in f act, until recently no 
onstitutional formula had been .proposed for it, but lately 
’erkin and llobinson 3 have tentatively suggested that the 
tructure of this substance may be represented by the for¬ 
mula on next page. ’ 

With regard to quinine, our knowledge is more satisfactory, 
nd although its synthesis has not yet been accomplished, a 
reat doal of synthetic work has been carried out in connection 
nth it, and thereforS a more extended account of this alkaloid 
rill not be out of place. 


l J. C/'S., T1 (1900), 473, 851; 79 (1901), 580, 1331; $3 (lE/b6V 438, 

34 ; Proc. C)u>m. Soc., 21 , 172. . -* 

3 Bar., 33 (1000), 1424; 2357; 34 (1901), 727 ; 35 (1902), 192, 2441. * 

»J. O. S„ 97 (1910), 305, 
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/\/\ /\ 

ch cri 



Strychnine. 


The therapeutic value of quinine arises chiefly from the 
fact that it appears to have a specific action in malaria, probably 
being far more poisonous to the protozoal parasites than to, the 
cells of the host. It has also been widely used as a febrifuge, 
but this is referred to in the chapter on anti-pyrotics, and at 
present it is proposed to consider its properties from the same 
point of view as those of the other alkaloids. 

Quinine was isolated, together with cinchonine, by Pelletier 
'and Caventou in 1820, and as a result of the labours of many 
chemists, of whom Skraup, Konigs, von Miller, and lfhode may 
he specially mentioned, the following formula has been gener¬ 
ally accepted to represent its constitution— 


110—CH-C 

I J 

CH.A / Y\ H..C! 


N 


N 


CH, 

1 

GIL 

1 

OIL, 

CJI 

1 

1 

cr" 

OH 

1 

H 

OIL, 


that of cinchonine only differing from it by the absence of the 
methoxy group, (— OCH.,), and that of cupreine only in having 
this grijup replaced by an hydroxyl group, (OH). 

The egLili^r attempts to prepare substances which should re- 
ngplble quinine in their properties were based on the assump¬ 
tion that* the quinoline nucleus was the active portion of the 



ALKALOIDS 


83 


molecule, but Fraenkel 1 brings forward many facts in support 
of the view that it is the piperidine ring, the so-called “ loiponic 
acid portion ” of the molecule, which is the true “ pharmaco¬ 
phore.” Thus, it is pointed out that in nicotine — 


0 J: 


III (Ill., 

\ / 

. N 


the contraction of the blood-vessels is almost certainly due to 
the pyrrolidine and not to the pyridine ring, seeing that this 
action is not shown by pyridine at all, but is- produced by 
piperidine— 

CM., 

/ \ 

Oil, OIL, 

1 r 

CM., OIL, 


pyrrolidine, and N.-methyl pyrrolidinc- 
CLL,-OIL, 


\ / 

N 


I 

OH ;i 

the last named cfoscly resembling nicotine in this respect.' 2 In 
the sarrffe way it is considered that the action of quinine is due 
to the reducSd piperidine ring, which is rendered still more 
active by the preseneg of the unsaturated group, —CII— CIL,. 
Tho weak and uncertain action of cinchonine, compared with 
that of quinine, is probably owing to the absence of tho para- 
metboxy 4 ;roup leaving the molecule without an “ anclKjring ” 
group. Owing to this, the hydrogen atom of the qyinoliTd 

1 “ Arzneimittel-synthose," p. S31 (11106). 

“Tunnicliffe and Rosenheim, Ccntralbl. fMr Physiol., 16 (1902), 93 . 
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nucleus probably has to become oxidized to OH with the for¬ 
mation of cupreine before it can exert the characteristic quinine 
action. 

Many attempts have been made to prepare derivatives of 
quinine which should be free from some of its unpleasant by- 
effects, especially its bitter taste; and also to prepare derivatives 
which should be more soluble than the generally used sulphate, 
and so be suitable for hypodermic injection. Of the latter class, 
mention should be made of tho double chloride and sulphate of 
quinine, which is very soluble, in water, and of th, double 
chloride of quinine and caffeine, which is readily soluble and 
suitable for hypodermic injection. Cinchonine is less bitter 
than quinino, but its action is weak and untrustworthy, and so 
it is not a suitable substitute. If quinine is converted into in¬ 
soluble derivatives its taste is diminished, and a favourite de¬ 
rivative of this class is the tennate, which is practically tasteless, 
but suffers from the drawback that it is only slowly split up in 
the intestine into its components, and is therefore lacking in 
promptitude and certainty. 

Other derivatives have been prepared by esterification of the 
■hydroxyl group, the most important of these being the esters of 
carbonic acid. 1 The diquinine ester of carbonic acid 

Cj 0 H 23 N 2 O—0—CO—0—C„ 0 H 23 N 2 O, 

is known as Aristoquinine, and is comparatively tasteless and 
fairly insol ubk?. 2 Euquinine is the ethyl carbonate of quinine— 

0 - 0 , 11 , 

/ 

CO 

\ 

0—C^HjjNjO 

and is prepared by the action of ethyl chloro-formate, Cl. 
COOCjH,,, on quinine. 3 It is practically ^asteloss, and does not 
have a bitter after-taste. The hydrochloride, on the other hand, 
is not as good as the free base, and has no advantage over 
quinine itself. 

• “‘Pfienelidme quinine carbonic ester— 

w 

, ' D. R. P., 90,848, 93,698, 118,122. 

■‘Ibid., 134,307, 134,308. ‘Ibid., 91,370. 
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CO 


/ 

) 

\ 


NH—C 0 H 4 —OC 2 H 5 


o-c 20 h 23 n,o 


is knowta as Quinaphenin. * 

Saloqiunine is^he salicylic acid ester of quinine— 

OH 

/ ' 

C,JI 4 

\ 

co-oc,„h J3 n/j 

and is tasteless. * , 

Quinaphthol is quinine /8-naphthol-sulphonate, and Quina- 
form is quinine formate. 

Tn all these compounds, absence of taste is conditioned only 
by insolubility, their more soluble derivatives having the charac¬ 
teristic bitter taste of quinine. The more soluble hydrochloride 
of euquinine is an instance of this. 



CHAPTER VI]. 


ATROPINE AND THE fitOI’KINES—COCAINE AND THE LOCAL 
ANAESTHETICS. r 

Atropine and cocaine are closely related, not only in their 
chemical constitution, but also in their physiological action, 
both of them causing dilatation of the pupil (mydriatic action). 

Atropine and the Tropeines.—Atropine was discovered in 
1831 in the roots of the belladonna plant, and is a strongly 
poisonous alkaloid. Its chief use in medicine depends upon its 
action in dilating the pupil and paralysing the accommodation 
of the eye, and it is also used to check the inhibition of the 
heart arising from administration of chloroform and the depres- 
E"nt action of morphine on the respiratory centre. 

Atropine is an ester, and on hydrolysis yields a basic sub¬ 
stance, tropine, an optically inactive tropic acid. 1 * It has been 
known that the alkaloid hyoscyamine, which is also obtained 
from belladonna and is lievo-rotatory, is the ester of tropine with 
Iffivo tropic acid, 5 and therefore atropine appears to he racemic 
hyoscyamine. This view of the nature of atropine has been 
confirmed by Ladenburg, 3 and dcxlro-hyoscyamine has also 
been prepared by the union of tropine with dex'ro tropic acid. 4 

The pharmacology of these three stereo-isomerides, rf.-hyos- 
cyamine, /.-hyoscyamine, and the racemic form, atropine, has 
been investigated by Cushny, 5 using the frog as the subject of the 
experiments. It was found that all three s/ere alike in certain 
respects, hut that with regal'd to some aspects of their action, 

1 Kre’E, Annalen, 128 (1863), 273; 133 (1800), 87; 148 (loC8), 230. 
lu&en, Annalen, 131 (1864), 43; 138, 230. 

’Gadamer, A. Pharm., 239 (1801), 291. 

- Ladenburg, Per,, 21 (1888), 8005. 

4 Amenooiya, A. Pharm., 240 (1902), 498. 

(Cushuy, Juutn. of Phijsiol. t 30 (1903), 170. 
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dextro-hyoseyamino was the strongest and the laevo variety the 
weakest, while with other effects of the? drug exactly the reverse 
was the case. In all cases t^ie action of atropine was inter-' 
mediate between that of the two optically active forms, arid this 
fact is explained by Cushny by the assumption that atropiije is 
probably decomposed in solutioif into its two active components. 

As atropine iiy the ester of tropino with racemic tropic acid, 
it is obvious that a knowledge of the constitution of these * f wo 
substances is necessary in ordef to know^that of ^atropine. ^ 
Tropic acid is a relatively tifnplc substance, being indeed a 
homologuexif mandelic acid, and having the constitution— 

* . II 

I 

C,.II,—G—OOOI1 

I 

OIL, 


Oil 

This view of its structure has been confirmed by a synthesis of 
the acid. 1 ' 

The question of the constitution of tropine is one which lyrs 
presented far greater difficulties, but thanks to the researches of 
Ladenburg, Merling, Willstatter, and others, our knowledge j>f 
the constitution of this substance is as complete as that of ifty 
alkaloid, and there is no doubt that it p represented by the 
formula— 


OIL. -Oil 


N- 




II, 

\" 

-011,011—Oil 


Oil, - Oil—OII 2 

and this has been confirmed by Willstiitter’s brilliant synthesis. 2 

The constitution *of this substance is of great importance, as 
not oidy docs it show that atropine and hyoscyamine are repre¬ 
sented by the formula— 

1 Ladenburg and Kiighoimer, Ber.' 13 (1880), 870; Annalen,.2YJ t (lfcf&O), 
74. * 

- Willstiitter and fglauer, / ier ., 33 (1900), 1170; Willsta-tter, Her., 34' 
(1901), 129, 3103; Ibid ., Annalen, 317 (19Q1), 307. 
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CH,-CH-CH, C 0 H, 

I ■ \ \ 

N—CH, CH—0—CO—CH 

I / I 

CHj-CH-CH, CH*—OH 

but it also explains the const! ution of many other alkaloids 
which are derivatives of it. 

For example, when tropine is heated with sodium and amyl 
alcohol, it is converted into a substance which is stereo-isomeric 
with it, 1 and which is identical with the substance pseudo,atropine, 
obtained' by the hydrolysis of the coca alkaloid, tropa-cocaino 
(benzoyl-pseudo-tropine). 2 Both tropine and pseudo-tropine 
yield the same substance^ on oxidation, namely tropinone, and 
this on reduction yields pseudo-tropine and not tropine itself. 


CH,-CH- 


-CH, 


N—CH 3 CO 


CH„- 


_en— 

Tropinone. 


-CH, 


OIL,-CH-CH, 

I I 

N —CH, CH . OH 

I ' I 

CH,-CH-CH—COOH 

Kegonino. 


It has been shown that cocaine is a derivative of eegonine, 
which is in turn a carboxylic acid of tropine, and hence our 
knowledge of the constitution of this important alkaloid is also 
dependent on that of tropine. 

Having accomplished the synthesis of atropine by combining 
tropine with t opic acid, Ladenburg prepared other esters of 
tropine with various organic ,cids, to which he gave the name 
tropeines , 3 Other tropoines have been prepared by Merck, 
Ladenburg, and others, and these substances are of great interest, 
as their mydriatic action can be easily compared, and hence 
they afford a convenient series of compounds for studying the 
relation between chemical constitution and physiological action. 
It was found that the tropeines derived from benzoic and cinna¬ 
mic acids were without mydriatic action, as also was that from 

1 Tropine is optically inactive, and so also is pseudo-tropine; the isomer¬ 
ism is dependent on molecular asymmetry (eia-trans isomerism).—farrow- 
cliff -ud'i'utiH, C. S., 95 (1909), 19GG.) 

a Fos further details of these processes, sec next section on Cocaine and t 
L<w„l Anesthetics. 

. " 3 Ber„ 13 (1880), 106, 1080, 1137, 1549; 15 (1882), 1025; 22 (1889), 2590; 
Annalen, 217 (1880), 74. , 
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lactic acid, but those derived from mandelic and atrolactinic 
acid possess mydriatic properties. 

II CH, 

I ! * 

C 8 H m N—0—CO—C—0 # H 5 - C„H h N—O—CO—G—QjHj 

I ' * I 

OH OH 

MandelicV Atrolactinic. 

It will be noticed that the substances mentioned as having a 
inydriatjf action, all contain Ijoth a tjenzene' ring and an 
aliphatic hydroxyl group in the side chain containing the 
—0—CO group, and a statement has found its way into a good 
deal of the literature of’the subject under the name of “ Laden- 
burg’s Rule,” that only those tropeines which possess these 
characteristics have a mydriatic action. The so-called rule was 
never enunciated by Ladenburg, and it has been shown by 
Jowett and Pyman to be incorrect. 1 Lor example, they found 
that the following three tropeines all have a mydriatic action : 
a-hydroxy-/L2 pyridyl-propionyl tropeine— 

on 

<( )>—CH.,—CH—CO—O—C b H I4 N, 

N 

ortho-hydroxy-benzoyl tropeine (salicyl tropeine), 

< >—CO—0—C 8 H h N, 

OH 

meta-hydroxy-benzoyl tropeine, ( 

< > CO o (;n„N, 

•HO 

although the first contains no benzene nucleus, and the second 
and third no aliphatic hydroxyl group. 

The tropeine derived from mandelic acid is known as huma- 
trnpine,- as it is the lower homologue of atropine— 

CJH 14 N—O—CO—CII(OII)—C (i llj 

Homatropine. 

C 8 II 14 N—0—CO—Cli(CH 2 . OH)—C c H 5 

Atropine. 

J. C. S., 95 (1909), 1090. • ” IX It. P., 95,853. 
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It is widely used in ophthalmic practice as a substitute for 
atropine, as its mydriatic action is nearly as great, and it has 
' the advantages of being less t'xic; moreover, its mydriatic 
actioh develops and passes off more rapidly. 

Qther esters have been prepared .which resemble the tropeines 
to some extent in their chemical structure, and also" have a 
mydriatic action, namely, the esters derived, from triacetono- 
mothyl-alkaminei and its lower homologue vinyl diacetone 
alkiymin®, 

(CII : ,),C-c IT, (CH,).,C -OIL, " 

/ \ / \ 

N^CIIj CH . OH >T—Clly CH—Oil 

\ / \ 

(OH.,) ,C- —CII, C1 L,( HI-OIL 

The structure of these substances is closely related to that of 
tropino. The former is prepared by reduction and methylation 
of triacelonamiue— 1 

(OH 3 )„C-OTi. .;0I1 3 )„0—G1I* jCn,).,C- —ctl, 

7 \ 7 \~ '7 \" 

Nil CO -> Nil CIIOII -> N—CH, CIIOTI 

\ d \ / x V 

(CH 3 ).,C—CIL (CII 3 ) 2 C—CH.. (Cir 3 ).jO-OIL, 

^process carried out by Fischer," who also showed the relation 
between this substance and tropine. Its ester with mandelie 
acid resembles homatropine and atropine in having mydriatic 
action. 

The ’preparation of N.-mothyl-vinyl-diacetone-alkaminc and 
some of its derivatives will be described later in connection with 
substitutes for cocaine, but for the present attention need only 
be drawn to the fact that various derivatives of the tropeiue 
type have been prepared from it, 3 some of which have a mydri¬ 
atic action. This substance, methyl-vinyl diacetonamine, exists 
in two forms, one, «, melting at 1117-138' 0., and the other, /?, 
melting at 100-101“ (J. The existence of two asymmetric carbon 
atomW.'-’S—, " 

. - y 4 <■ 

1 Heinz, Annalen, 189, 214 ; 191, 124 ; V98, 09. 

•Fischer, Her., 16 (1*88), 1604, 2230; 17 (1384), 1707. 

'Harries, AnnaUn, 894 (1890), 330 ; 296 (1897), 328. 
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in the molecule explains the existence of these two forms as 
stereo-isomerides, and it is interesting to note that it is only the 
mandolin ester derived from tht! ^-derivative .which possesses 
mydriatic properties. 1 This furnishes an interesting example 
of the difference in physiological action of stereo-isomerides. 

Cocaine and the Local Ana;stheti<ts. The alkaloid cocaine 
was discovered in coca leaves in I860. 2 It had long been 
known that the South American Indians were in the habit of 
chewing these leaves as a stimulant to enable them to .stand 
great exertion without fatigue. The first use of cocaine in this 
country was for a similar purpose, hut its great importance 
among alkaloids at the present time is d#e chiefly to Holler’s 
important discovery that cocaine is a powerMl and rapid local 
anaesthetic. 

By hydrolysis with alkalies, cocaine yields ecgonine, benzoic ' 
acid, and methyl alcohol. Ecgonine was shown by Willstiittty; 
to be a carboxylic acid of tropine— “* 

/ CH 

I V CH—COOIT 
CH., I 1 \ 

1 * N —CHj CH—Oil 

<I11„ I ' / 

\ | /CII, 

cu 

and by treatment with benzoyl chloride to yield bonzoyl- 

ecgonine, in which the hydroxyl group is converted into 

O—GO . C g H 5 ;♦this on conversion into its methyl ester yields 
cocaine,#which therefore has the formula— 

i 

1 Har«es, Ber. t 29 (1890), 2730. 

* Neumann, Annolen, 140 (1800), 213. 
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CH 


/ 


'CH—COOCH, 


CH, 


3H, 


N—CH, Ck—0—CO—C,H S 


\ 


CH. 


'CH, 


It is found that the free carboxylic acid,' 'benzoyl-ecgonine 
itself, has no local aniBsthetic action, but that any of its alkyl 
esters, such as ethyl, propyl, etc., resemble its methyl ester, 
cocaine, in having this action. 1 This applies only to the 
aliphatic esters, as the aromatic do not appear to have been 
prepared as yet. The effect of esterification is probably 
accounted for by an alteration of the anchoring group. 


CH 


CH, 

| N—CH 


\CH—COOH 

3H, Ah— 0—0' 


CO—C,1I. 


CH, 


\' 


'CH, 


CH' 


Benzoyl eegonine (type of first series of esters). 


CH- 


CH, 


-CH—COOCH, 


■CH, 


N—CH,, Oil—OH 


\ >CH, 


CH 

Eegonine methyl ester (type of second series of esters). 

» 


Eegonine can be esterified in the usual way, leaving the 
hydroxyl group intact, and in this manner another series of 
esters can be obtained. Eegonine methyl ester has no local 
anaesthetic action, but can bo converted <into cocaine by ben- 
zoylating the hydroxyl group. In this case, however, the nature 
of the group used to esterify the hydroxyl is important, for if the 
borizoyi' J 'gronp is replaced by others, the anaesthetic property is 
lost greatly diminished. 


1 Merck, J)er., 18 (1885), 2954 ; 21 (1888), 48; Novy, Amer. Chem. Joum., 
10 /1888), 147. 
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3 

Thus truxilline 1 (isatropyl-cocaine) has no anesthetic action, 
but is a strong cardiac poison, and eEhrlich 2 found that, of 
several different cocaine derivatives, such as isatropyl-cocaine, 
valeryl-cocaino hydriodide, and phenylacetyl-cocaine hydriodide, 
the last named was the only one which had anaesthetic proper¬ 
ties, but to a loss degree than‘cocaine. All of these have a 
characteristic tox^c effect on the liver, and differ from cocaine 
only in having the benzoyl group replaced by the one named, 

Cocoa leaves, which arc the only commercial source of cocaine, 
contain various other alkaloids, Aiost of fvhich are, howeyef, de¬ 
void of the. useful physiological properties of cocaine .' These 
other alkaloids are amorphous substances which yield eegonino 
on hydrolysis, and therefore, owing to the high price of cocaine, 
various methods have been devised to utilize them in improving 
the yield of cocaine obtainable from the leaves. According to 
one method, 2 the alcoholic solution of the amorphous biases is 
boiled with hydrochloric acid, filtered from the precipitated 
organic acids, and practically pure eegonino hydrochloride 
obtained by evaporation of the filtrate. lAy means of benzoyl 
chloride or benzoic anhydride, this is converted into benzoyl- 
eegonine, which is then estorified with methyl alcohol giving 
cocaine. Various modifications of this method have also been' 
devised.' 1 

Cocaine has several disadvantages when used for hypodermic 
injection, one of the most serious being that its solutions do not 
keep well, hut become mouldy and decompose'on boiling, so 
that they cannot be readily stei|iized. For this reason, and 
also on account of the high price of cocaine, Various attempts 
have been made, to prepare analogous compound^ which it was 
hoped would resemble cocaine in its useful physiological effects. 

As cocaine is a derivative of eegonino, which is closely related 
to tropino, and as atropine, one of the esters of tropine, has a 
slight anaesthetic action, various attempts have been made to 
prepare substances from tropine which should have an action 
resembling tha* of cocaine. Several synthetic tropeines have 

1 Liebermann, Her., 21 (1888), 2347 

3 Ehrlich, Deutsche med. W., 32 (1891), 717. 

3 Liebermann and Gfcsel, IX R. P., 47,602. 

* Einhorn and Klein, Ber., 21, 3335; D. R. P., 47,718. Farbw. Hoechs.,^ 
3. R. P„ 76,433. 
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been prepared, and have already been discussed, but none of 
these are of value as substitutes for cocaine. Strangely enough, 
however, a natural tropeino was discovered in Java coca leaves, 1 
which is a stronger local anaesthetic than cocaine. 2 This sub¬ 
stance, which is called tropacocaine, also has. the advantage 
over cocaine in being less toxic and more resistant to micro¬ 
organisms, and hence its solutions can be preserved for some 
length of time. It is the benzoyl ester of pseudo-tropine, 3 which 
only differs from ordinary tropino in its space configuration. 
It differs from cocaim? and atropine in having no mydriatic 
action,'and in this respect it resembles the other psourlo-tropeines, 
such as those of mandelic acid and tropic acid. 

It will thus ho seen tjiat the tropeinos derived from tropino 
itself havo a strong mydriatic action, hut only a weak anaesthetic 
action, while their siereo-isomerides, derived from pseudo-tropine, 
llave po mydriatic action, but are powerful local anaesthetics'. 

Pseudo-tropine is obtained from tropine by heating it with 
sodium amvlate, 4 and it is also obtained from tropinone— 


CII . 


/1 

"CH, 

CII., i 

1 

| ' N—CII.. 

CO 

CH., | 

1 

\ 1 

CII* 


CH 


by electrolytic reduction in atf.d solution. 5 

It should be pointed out that tropinone is obtained by oxidiz¬ 
ing tropine with chromic acid, 11 or with permanganate in cold 
strong acid 7 solution, or with other oxidizing agents.® Pseudo- 
tropine is then easily converted into tropacocaine by rrfians of 
benzoyl chloride. 

1 Gicsel, Pharm. Zhj. (1891), 11:1. 
v - Ch.vlbon rne, li. J\i. J. (1893), 403. 

- 1 Ijiobcrmann, Her., 24 (189.1), 2336, 2587 ; 25 (lffe2), 927. 

* D. II. P., 88,270. Ibid- ., 115,817. 

*Wiflstirttur, Her., 29 (1806), 396. 7 D. R. P., 117,6°“ 

.? aid., 117,629, 117,630, 118,ti07. 
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OH 

/ ! ^OII 2 

OH, I \ 

| . N.CII, CO 

OIL, I ' / 

\ I - CII., 

(‘II 

Tropinono. _ 


CII- 


-t 


CH, 


CH„ 




CII., 

V 


CII 


N—CII, CH—OH 

/ 

,-CH., 

CH." 

l'seudn-tropinc. 


CH., 


CII., |» ’ 

—> | “ N-CH„ CII O CO-C.JI, 


CII, 


CH., 


Cil 

Tropacocaino. 

By the action of HCN on tropinone, Willstatter 1 obtained 
the cyanhydrin— 


CII 


CH., 


^11, I 
| IS CII c< 
CII., I 


on 


\ I 

CH 

which on hydrolysis yielded 



on 

/ 

1 

CIL, 


1 

N—CH. 

CII, 

| 

\ 

1 


CH 


■MIN 
. CII, 


/cu. 

, i< 0H 

! x COO II 


CH, 


which only differs iruni ccgo.nine in having the carboxyl group 
and the hydroxfl group united to the same carbon atom. lie 
termed tfiis substance a-enjoninc, and from it he yrefflvecd by 
Jronzoylation and methylation a substance, a-cocaiue — 


‘Willstatter, Bor., 29 (18URJ, 1575, 2216. 
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CH./ 


/' 


CH-CH, 


N— c!i. 


\ .GOOCH., 

N r/ 


I 

X CH- 


t 


-CH„ 


N 0—CO—C„H 5 ., 


which is, as would bo expected,^ from its close structural relation 
to it, very much like cocaine itself in its chemical properties, 
such as the cystallizing power of its salts, but' strangely enough, 
it is totally devoid of anaesthetic properties. 

Although a-eocaine does not possess anaesthetic properties, a 
similai a compound derived from N-niethyl-triacetone-alkamine 
was found to be a valuable local amesthetic. 


CH- 


'CH, 


CH, 

-| “ N—CH, CH.OII 

cuS ’ I 'I 

\| ...CH, 

CH--" 

Tropino. * 


CH.,-CH--CIL 

| 1 /GOOCH, 

CH, X C\ ' . 

| j 0—CO—C,H 5 
CH, || 

CII -CH, 

a-cocaine. 


CII 3 

I 

C !i „ <'-cn s 

I I 

N—CII, CH . OH 

I 1 ! 

CH 3 -C-CH, 

dll 3 

N-methyl-triacfetone-alkamine. 


CHo 


on,— L 


-CH, 




/ C00C1I 3 
0—CO—C„IL 


^OII-C-CH 2 

CII, 


The substance in question is known as u-eucaine, and was 
obtained by Merling in the following manner. 1 Three molecules 
of acetone were allowed to react with one of ammonia, giving 
triacetonamiue, which on treatment with HCN yields the 
anhydrin. This on hydrolysis yields triafetone-alkamine- 
ptyU c acid, which on benzoylation and mcthylatj,pn yields 
i ^.yl-blnzoyl-triacetonetalkamine-carboxylic acid methyl 
ueaine). 

»*Iing, Bar. deut. L Pharm . Gcsellschaft , 6 (1897), 173. 
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3(CH,) 2 CO (GH 3 ) 2 C-CH,, 


(CH 3 ).,C-CH, 


+ NIL 


NIL GO HON 


NIL O • 


111 I | X CN 

(cri 3 ),0 —C1I 2 (CIL,),G-CII 2 . 

(GH,)./’. -l’;n 2 • (CHj)»(!—Gil,; 

I I oil->* I I O.CO.CJL, 

NH C/ CH a —N G < 

| I mJOOH | I x COOGH a 

(GH S )„G—GIL, (CII. t ).,C—GIIj 


This ituhstance is a cheap substitute ifer cocaine, and t i( has 
the advantage of being less toxic and of being stable to boiling 
water, so that its solutions can be sterilized by boiling. It has 
the drawback of being somewhat painful and irritant when 
injected, and it has now been superseded by ft-eucaine, 1 the 
hydrochloride of beuzoyl-vinyl-diacetone-alkamine—* 


GIL, 


GII.-C-OH, 

'll' 

II—N GH—O—GO —(III. 

I I 

OIL,—GII—C1I, 

This substance is stable to boiling water and so can be readily 
sterilized. It is less toxic than a-cucaine, and is easily sal- 
uble in water, the lactate, which is often used instead of the 
hydrochloride, being soluble up to 30 per ceni» *lt is equal 
to cocaine in its anaesthetic prop frties, and is widely used in 
many branches of surgery. ViiA'l -diacctonamine, tlu^ parent 
substance of /J-eucaine, was obtained by Harries by the inter¬ 
action of diacetonamino and acetaldehyde, 3 but it is obtained 
in bet?er yield by boiling the acid oxalate of diacetonamino 
with diethylitcetal in alcoholic solution. 3 . 

The vinyl-diacotonamine, on reduction with sodium amal¬ 
gam, 4 yiolds a mixture of the two isomeric (cis and trails) 
vinyl -diacetonejalkamines. 

1 D. R.*P„ 90,06!). 

3 Harries, Annalen, 296 (1897), 328 ; £99 (1898), 346. 

. ■■ R. P., 101,738 (19161. , 

1 It. Fisclier, Bar., 17 (1884), 1794; Harries, Annalen, 294 (1897), 372 ; - 
D. R. P., 95,622. 
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This mixture is converted into the stable isomer of lower 
melting point by boiling with sodium amylate, 1 which is then 
converted into the base of /3-eucaino by treatment with benifoyl 
chloride. 2 


CO 

/ 

CH, II CIL 
+ OC(CH 2 ) 3 

+ n . 


CO 

/ \ 

CH, CH, 


0(cfi 3 )., 

/ 

NH„ 


NH, 

is (Acetone) + Ammonia. 


Diecetonamine. 


CO 

/ \ 

CH., CIL 

- > * | 

CIIj.CFIO I ! 

CII,-C—II C(CH.,)„ 

\ / 

Nil 


Vinyl-diacetonamino. 


CH . 0 . CO . C,,H. 
Clip’ll., 


Reduction. 


CH . OH 

/ \ 

CH, CII, 


0,H CO . Cl 


CII,—CII 0(011.,)., 

\ / 

NH 

Base of f 'CiK-aine. 


CH,—CH ( if II,:. 

\ / 

NH 

Vinyl-diacotone alkaminc. 


Besides the members of the cocaine series and the acetono- 
alkaminos, there are a large i umber of other substances pos¬ 
sessing local jjmesthetic properties. Many of the antipyretics 
of the aniline type have this property, and in the case of 
phenetidine derivatives, the ainesthetic character of the sub¬ 
stance is greatly enhanced by combination with a second 
base. Holocainc, one of the best known substances of this 
type, is tho mono-hydrochloride of— 

n—( yv--0-c.H, 

CH,—Cf 

\NK—C..H,—0—C.,11., 


1 D. R. P., 95,621. 


3 Ibid,, 97,672. 
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It is prepared by condensing pihenetidine with phenacetin 1 


rt- 

CH,—C 


Bp— N—C,H,—•0—C..H, 

1 I 

o. —NH—C 8 II 4 —0—CJI, 

/, N-- C, II,-- O—C 2 IT., * n 

= Cll-tff + fI *° 

x Nir-G, i ii r o--r,n ; - 


Ilolocaine has the drawbacks of being more toxic than cocaine, 
and of ^eing sparingly soluble in watJr; but; on the Other 
hand, its aqueous solutions keep well, and have <■/ rapid 
anaesthetic action. It is used in ophthalmic surgery. 

In recent years attention has been, directed chielly to al- 
kamino esters, which contain the grouping-— 

R 

I ’ I I 

—N—C—C—0—CO—R' 

I I ! 

a grouping very similar to that indicator? by asterisks (*) in 
the formula for cocaine.- * 


CH.,—CH--Oil—COUCH, 

I * * * * 

*N—CH., CH—0—CO—CyHr, 

I ' I 

CH 2 —CTI-CH, 

* * 


Stovaine, alypine, and novocaino/arc woll-knotvn members of 
the group. Stovaine — 

CH., 0—CO—C, ; IL, 

\/ 

C 

✓ \ 

C.JL, CIIj—N(CH 3 ).,, HC1 

is a wol^-known synthetic ansnsthotic, obtained by tjyi action 
of magnesium-ethyl-bromide on # diethyl-amino-asetone, and 
fcenzoylation of the product thus obtained. 

1 D. R. P., 79,868, 80,568. - Pymam J. C. S., 93 (1908), row. 
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. CH S Br—Mg—C„II, CII 3 

I • ' ' I 

co -> c.,ir— c —011 

I - 1 ” ' I 

CH 2 —N(CH 3 ) 2 Gir a —N(OH a )., 

1 ' €11., 

! 

-* < ..II. -(!—(> 00 (1,-11, 

! 

, ( Oil., N 1 C' 11.. 

< ( ' > 

It is very widely used for producing spinal anaesthesia. 

Ali/pine, is the hydroehlorido of tctramethyl-diamino-di- 

mcthyl-othyl-carbinyl benzoato— 


CHo—N(CII 3 )o 
« 01, 0 -0--CO— 
CH—N(0H 3 ), 


and is therefore similar to stovaine in its constitution, bein': 
the dimethyl-amino derivative of the latter. 

As a local anaesthetic, it is said to have the useful properties 
of cocaine without most of its drawbacks, producing rapid 
apmsthesia, and being free from injurious effects on the hear! 
and respiration. 

A whohusepies of local anaesthetics which also possess anti¬ 
septic properties has been discovered by Einhorn and Heintz. 1 
They found that the benzoyl ^derivative of amino-hydroxy-ben- 
zoic ester possessed distinct anaesthetic properties, and contrary 
to the behaviour of cocaine, the removal of the benzoyl group 
yielded a substance of which the anaesthetic properties were 
greater than those of the benzoyl derivative. A large number 
of substances of this type were produced, of which p-amino-m- 


hydroxy-bcnzoic-methyl-ester, 


Ho0 OO «V 


was intro¬ 


duced i"to practice under the name of Orthoform. , It is a 
wjiite powder, very slightly,.soluble in water, which is non- 

1 Milnchfmr med. W„ 34 (1S97), 931; Annnlen, 311, 20, 154; 325. 305 
359, 145; 371, 125, 131, 142, 102 (1900-1909). 
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toxic and has no action on the unbroken skin, but produces . 
aiuesthesia on coming into contact with the peripheral nerves 
themselves. It is used as a disting powder for painful wounds, * 
etc. The high price of orthoform led to the production of an 
, ’ NIT,/\COOOH, 

isomeric substance, jj J I « , called New Orthoform, 

which has the same physiological action, hut is cheaper. 1 

These compounds arc not sufficiently soluble to be adminis¬ 
tered hypodermically, and their more»soluble hydrochlorides 
are too strongly acid for this purpose. To overcome 4his de¬ 
fect, Einhorn has prepared various derivatives of glyeocoll 
with different amino-hydroxybenzoic acids. 

/NH., 

IIO—Aryl group( ' + IIO . CO-CII.,—N1IS 

“ \COOR ‘ ; 

Amino ltydroxybrnztiic arid 4 - Glyeoeol] derivative 

,N11. GO . CIT„—Nil', 

- TIO Aryl group( * ‘ + H.,0 

X COOR * 


These compounds differ from the parent substances in IxiTny 
strougly basic, and hence they can form soluble salts (such as 
hydrochlorides) of neutral reaction. Their anesthetic action 
is not closely related to that of the parent substance. A large 
number of these compounds have been prepare®, 4 and the 


ANII 


", hatping the. 

goocii, . 


dicthyl-glycocoll derivative of 

ANH • CO . CH,.N(CH 3 ), 

noU 

GOOCH, 


formula 


has been introduced into therapeutics, in the form of its 
hydrochlori^3,» under the name of Nirvanine? It is easily 
soluble* and is less toxic than orthoform, which itj,«resembles 
in its general behaviour. , 


1 I). It. P., 97,388, 97,384, 111,932. 
3 Ibid., 100,502, 108,027, 10R,h71. 


MUnchiner med. IT., 49 (189N). 
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The simplest local anaesthetic of this type is ethyl para- 
.amino-benzoate, NH,y _)>COOC,II s , known as Amesthesine. 
It resembles orthoform in most <Ji its properties, and is said to 
he free from any toxic action. It is insoluble,in cold water, 
but 'its solution in olive-oil m^ty be used for hypodermic in¬ 
jection. Its salt with para-phenolsulphonic acid, 

Nil,. C (i II 4 . COOOJI,, HO . 0,11,. ko 3 ii, 
is soluble in water, and has been used for hypodermic injec¬ 
tion (.nder the name ol' Subcatin. 

The lsobutyl ester of ^-amino-benzoic acid 

NH 2 . C„II 4 . COOC 4 H,j 

has also been suggested as a local anaesthetic under the name 
of Cycloform. 

- iVofc,. is the hydrochloride of the diethylamine deriva¬ 
tive of anaesthesine, having the formula— 

°0—0—CII 2 —01I,N(CJI r ,),,HCl 

which, it will be seen, contains the previously mentioned 
grouping— 

I i 

R—CO—0—G—C—NR— 

I I 

It is a non-irritant and powerful local anaesthetic, only one- 
seventh as toxic as cocaine, and of recent years has found 
very extended use, so that it is now the most valued of all 
local anaesthetic's. 

The preparation of novocaii-e can be carried out in various 
ways, 1 but all the methods are somewhat difficult, involving 
the preparation of ethylene-chlorhydrin and of diethylamine, 
so that attention has recently been given to improvements in 
the production of the latter compound. 2 < 

Ethylene chlorhydrin, for example, may be heated with para- 
nitrobenzoyl chloride, and the resultant chloretnyl para-nitro- 
benzoic dsier, then heated with diethylamine for twenty-four 
hoys-tn a closed vessel at 100-120° C. The diethylaminoethyl 

>J>. It. I’., 179,027, 180,291, 180,292; U. S. I’., 812,554. 

2 J. S. C. I., 33 (L91C), 117; J. C. S„ 109 (1910), 171. 
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ester of para-nitrobenzoic acid so obtained is then reduced 
with tin and hydrochloric acid to fonif novocaine. 

cord no— c 2 h 4 —oi *co. o-on,,—on,—a 



I HN(C,1I,,), 


CO . O . CII,. CII,. N(0,TL,),, CO . O—CH..—CH 2 —N(C..H 5 ) a 


NTT., 


NO., 


Another method 1 is to condense ethylene chlorhydrin with 
diethylainine to form chlorethyl-diethylamine. 

CT .CII., -011,-011 + IIN(0„1L), "** . 

= Cl—CHo—CII,—N(C.,H,)., + ICO. 

This is then heated with sodium para-aminoftonzoatc to 
form the base of novocaine. 

» 

H,N < ) COONa + Cl—OH*—Oil.,—N(CJT,,), 

= NaCl + ll,N<_)COO-CII 2 —CIC—N(CJI,) 2 . 

In a third variation,- para-aminobenzoic acid is condensed 
with ethylene chlorhydrin by heating them to 100" in sulphuric 
acid solution. The compound so obtained is theii* heated in a 
sealed tube with diethylainine at 100-110° to form novocaine. 


COOll lit)- (’ll CII.. Cl 


a. 



C1I„—CII,—(»1 + 11,0 


Nil,, 


j IIN(C..lI,) a 

COO—CH,—CII,—N (C,II S ),HC1 



1 D. K. P., 189,336, 


* Ibid., 194,748. 
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MORPHINE GROUP AND ISOQUINOLINE GROUPS OP 
, ALKALOIDS. 

Morphine Group. 

• Morphine is the most important of the opium alkaloids, and 
is the one to which most' of the physiological effects of opium 
are duo. The principal alkaloids present in opium may he 
dividctl ; "to two well-defined groups :— ,, 

(1) The Morphine Group, consisting of morphine, codeine, 
and thebaine, all of them very poisonous substances, and con¬ 
taining a pKenanthrene nucleus, as well as a nitrogen ring. 

(2) The Papaverine Group, consisting of narcotine, papavar- 
ine, narceine, laudanosine, oxynarcotine, etc. These substances, 
vif’eh are derivatives of isoquinoline, are far less physiologi¬ 
cally active than those of the first group. These alkaloids and 
sorpe of their derivatives will be considered in the next section, 
and for the present attention will he directed to the members 
of the first g" 0 |ip. 

All the opium alkaloids produce nervous depression, begin¬ 
ning in the psychic centres of ^he brain, and extending down¬ 
wards through the various ce ehral centres in the. reverse 
order of the development, and* they also have a strychnine- 
like action on the cord, giving rise to convulsions. 1 if some 
of these alkaloids, such as morphine, the depressf.nl (i.e. nar¬ 
cotic and analgesic) action predominates, twitchings or con¬ 
vulsions being extremely rare, while in others, such as thebaine, 
the convulsant action is far stronger, and practically masks 

the weak narcotic action. Codeine stands between the two, 

** _ * > 
having marked narcotic properties, but in a weaker degree than 

mokpliine, while, on the other hand, it is more liable than • 

morphine j : o give rise to increased reflexes and spasmodic 

twitchings. 1 
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The following table indicates which of these effects pre¬ 
dominates :— 1 * 

Morphine (melt narcotic), 

Papaverine, 

Codeine, 

Narcotine, 

Thebaine, 

Laudanine (most convulsant). 

Morphine has never been synthesized, and its structure is 
not even known with certainty! so that this section wi/1 deal 
mainly with the efforts that have been made to synthesize 
do rivatives of morphine, which should differ from it in cortain 
respects with regard to their physiological action, and also 
with the attempts that have been made to obtain synthetic 
'products, which should possess a similar'action to M ip'"phine 
owing to the presence of similar groupings in the molecule. 
These attempts are hampered by the fact that we do not know 
which portion of the molecule plays the chief p*art in de¬ 
termining the physiological action. 0 

Nevertheless, it is necessary to indicate tl'e basis on which 
our knowledge of the structure of morphine rests. The formula, 
of morphine is 0,^11,,,0 ;j N ; it is a tertiary base, and contains 
two hydroxyl groups, one of which is phenolic, and the other 
alcoholic in character. The alkaloid, codeine, C ls II sl Oj,N, differs 
from morphine by C11 ,, and as it contains one hy^rcjiyl group, 2 
it therefore appeared probable that it was morphine in which 
the hydrogen of one of the hydroxyl groups hai| been replaced 
by OIL,. This assumption was jhown to be highly probable 
by the work of Matthiessen ana \V right, 3 and Confirmed in 
1881 hj» Grimaux, who 4 converted morphine into codeine by 
direct methyktion. Therefore the constitution of codeine and 
that of morphine can he considered together, the former being 
C 17 H 1 i ON(OH)(OOH. ) , ) i and the latter G 17 1I 17 0N(0H). 2 ; the 
complex C 17 H [7 ON being the same in both, it is clear that a 
knowledge of this complex will reveal the structure of both 
alkaloids, 

! Dixon, “ Mafinnl of Pharmacology " (1‘JOIi), p. 101. 

- Wright, J. C. 8., 27 (1874), 1031. 

:1 Matthiessen and Wright, C. ,S\, 25 (187h). f,OG. ‘ 

4 Grimaux, C. 93 (lKKl), Ml. 
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The study of this question has occupied the attention of many 
chemists, and thanks Aiainly to the labours of Vougerichten, 
Schrotter, Knorr, and Pschoii) we have gained a tolerably 
clear'insight of the nature of this grouping. Vougerichten and 
Schrotter by distillation of morphine with /,iue dust obtained 

IK!-CM 


phenanthrene, \_/ 


/, together with pyrrol, IIO OH, 

\ / 

r . NH 


pyridine, trimethylamine, N(CH 3 ) 3 , and ammonia. A de- 
N 

tailed account of the numerous investigations that have been 
carried out on morphine and codeine is beyond the scope of 
this ctetpt-r; an account of the recent work on this subject is 
given by Dr. II. E. Watt in Science. Progress, 4, 279 (1909), 
and the reader desiring further information is referred to this 
and to Pictet’s “ Vegetable Alkaloids." As a result of his own 
and other investigations, Knorr has suggested the following 
formula 1 for morphine— that of codeine being— 


CH S / 

'yw 

| C!H‘ 

\/\S \ 


OIL \' 


CII O 


H—C CH 

/\ / ' 

IIO C 


CH, / \ 

/\/\ x 

1 CH < 

! I 

1 CII ( 

%/\/ \ / 

j ' CH—O 

H—0 in 

/\ /' 

HO C 

' \ 

0—GIL 


More recently Knorr has somewhat modified this formula, as 
sh$>wn belo\v, and Pschorr, .Jaeckel, and Fecht have suggested 

1 In all cases, an unoccupied corner such as represents and 


/?■ % represents 
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a formula for morphine which depicts it as a derivative of 
N.-ipethyl-piperidine. This formula is? based on a study of 
apomo.rphine, O i; II i; O a N, a dehydration product of morphine. 






OH., 


CH-N-CfL 


HO 


% /\ ,./■% i-’H, 

\/ \/ W 

! H X | GH, 

! 1 / I. 

'■>-C CH, 


II OH 

Knorr’s later formula. 


no 


CTL N— CII, 
OH OH, 

! GH.j 

! C—H 

! I I 

O —G GII, 

H X (f 


/\ 

I I ,011 

Pachorr’s formula. 
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!: CH 

;! I 

\ /\ /\ 


i CH . 

O GH„—[— N / 


\ 


G4 CH., 

\ / 


C 

/\ 

H on 


Bticherer’a formula, modified by Knorr. 

An iiryjortant difference between these two formulas and 
Knorr’s earlier formula is that they show the 0, and N in 
separate ring system^. Buohere^’s formula, as /noddled by 
Knorr, is a link between the two types. In all of thefje codeine 
is the same but for the phenolic OH being replaced by OCII^ 
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The alkaloid thebaine has been shown by the work of many 
investigators to be closely related to morphine and codeine, 

(C;' c II u ONGH 3 )(OH) 2 ' (C lti ri H ONClI 3 )(OH)(OCIl 3 ) 

, Morphine. Oodbino. 

(C w H is ON'C1I,)(OOH 3 ) 1 

Thebaino, ' 

It differs from morphine and codeine in having both the 
hydroxyl groups replaced by“ methoxy (OCH 3 ) group:,, and in 
having two atoms of hydrogen less in the rest of the molecule. 
Accordingly, if we accept Knorr’s formula for codeine, we ob¬ 
tain the following formula for thebaine :— 


CII„ 


& 


011,0 . 


on— n—ch 3 


\ 


\/ 

| 

6- 


/\ OH,, 
!/ 


OH / 

GIL 


-C x A'AL 
Oil. Oil 


Codeine. 


\ gii„ 

/\ !/\ 


/ 


OH—N—on. 


cn,o| 


oiijjwn belc * 

1 In all cases, t 

i 

/r % represents / 




I 

0- 


/\ /\ -CTL 


1/ 

Oil / 

I OIL, I 

1 / ! 

— Cv / . 

OOCih, 

Thebaine. 
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and on the basis of Pschorr’s 

formula for codeine, the corro- 

sponding formula for thebaine i 

s as shojvn below— 

■ ■ CH, N —CII ;1 

err, n—ch. 

^\/\ 

S\/\ /\* 

CH CII„ 

CH CII, 

• 1 ■ 

ch -° J\A /"■' 

CHO 1 ^ 

1 C 11 

| j C II 

«—c oh. 

« O—C CH * 

/\ / 

/\S ' 

II (! 

II 0 


1 

II OH 

’ OCH, 

Codeine. 

Thebaine. 


S! the various derivatives prepared from morp.H'v which 
are used in medicine, the naturally occurring alkaloid codeine 
is the one which most closely resembles morphine. As already 
stated, it was lirst prepared directly from morphine by 
Grimaux, 1 who also prepared ethylmorphine (codethyline), hut 
since then many other manufacturing methods have been de¬ 
vised in order to obtain better yields. It was first prepared 
on a large scale by Knoll, 2 and Pechmann's method of methyla- 
tion by means of diazo-m ethane 11 has also been applied to jjie 
preparation of codeine from morphine, 1 nut by this method also 
the yields do not appear to be very satisfactory, Jlethyl sul¬ 
phate is at the present time a favourite methylating agent, and 
Merck has devised a means of preparing codeine by the action 
of methyl sulphate on morphineHn the presence of alcohol and 
sodium. 5 The neutral alkyl cs^rs of phosphorfo and nitric 
acids e:tn also he used in the same way as the sulphate. 1 ’’ 

The pharmacology of morphine, codeine, njonacetyl-,diacetyl-, 
and benzoyl-morphine has been investigated by Stockman and 
Pott, 7 and that of the homologuos of codeine, together with a 

1 Grimaux, C. R.i, 92 (1881), 1140, 1228; 93 (1881), 07, 217, 591. 

2 [> R,P., 39.S87. 

3 Her., 27 (1894), 1888 ; 28 (1895), 855, 1024. 

<D. R. P.,95,614, 91,145. , » Ibid., 102,634.* 

* ‘'Ibid., 107,225, 108,035. • 

7 Stockman and Dott, B. M. J. (1881), 24th Jan. (1800), II. 189; Pmc. 
Boy. Soc. Edinb 17 (1800), 821. 
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largo number of morphine derivatives by Mering. 1 Tho action 
of the higher homologous of codeine is similar to but somewhat 
weaker than that of codeine itself. Codeine methyl bromide, 
Ci R II u 0 3 NCH.,T?r, or Encadeine is said to be less toxic than 
codeine. Ethyl morphine is somewhat exceptional in having 
a stronger and more prolonged action than codeine, and is re¬ 
commended against irritant coughing. Its hydrochloride has 
been introduced into therapeutics under the name of Dionine. 
The benzyl (C 6 tl 8 —GIL) derivative of morphine also re¬ 
sembles codeine in its acting and has been introduced by 
Mering in the form of its hydrochloride, under the name of 
Pennine. It is obtained by the action of sodium ethoxide 
and benzyl chloride on morphine in alcoholic solution,® 

The carbonic acid esters of morphine are very unstable, but 
the acyl derivatives are quite stable, and some of them have 
attaineiT'g'ixat practical importance. The acyl derivatives of 
morphine, in which only the phenolic hydrogen is replaced, 
mono-acetyl-, propionyl- and benzoyl-morphines closely re¬ 
semble morphine i/self in their physiological action, being 
intermediate between it and the diacetyl compounds to bo 
described later. (It should be pointed out that in the case 
of codeine, dionine, and peronine, it is also the hydrogen of 
the phenolic hydroxyl which is replaced by CH.,, C„H,, and 
C,i£*-s • C1L, respectively. These arc phenolic ethers containing 
the group —OR, but monoacetyl-, propionyl-, and benzoyl- 
morphine are‘phenolic esters, containing the group O -CO—R, 
and are more readily hydrolyzed than the ethers .) The deriva¬ 
tives of ("norphihe, in which both hydroxyl groups are esterified 
by acid radic|es, have also bejn investigated,by Mering. He 
investigated the diacetyl, di-propionyl, di-isobutyryl, rjnd di- 
valeryl derivatives, and found, in confirmation of the work 
of Stockman and IDott, that these possessed a more decided 
narcotic action on dogs than codeine, an<l a stronger tetanic 
action than morphine. Clinically, they have proved valuable 
in lowering reflex irritability and calming spasmodic coughing, 
but in checking pain they are less active than m6rphine. 


Under the rihmes of Heroin find Acctomorphine, the diacetyl _ 


1 Merinf, Merck's Jahresber. (1898), 5. 


= 1). R. r., 91,813. 
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derivative has attained considerable practical importance in 
checking coughing arising from irritation, etc. 

By the action of dehydrating agents, such as concentrated 
IIC1 a#'140° C., on morphine* a substance is formed ijhich 
differs from mosphine by the elements of water, and is called 
apomorphine, C 17 H UI 0 3 N—•H ;! 0-9^C 17 H I7 0 2 N. It differs very 
greatly from morphine in its physiological action, being a most 
powerful emetic, and in large doses stimulating the respiratory 
centre, with consequent quickening of the rate of breathing. 
Its action is therefore quite diffe-ent fnjm that of morphine. 
The emetic action of this substance is not local, butMs of 
central-nervous origin through stimulation of the medulla. In 
therapeutics the hydrochloride, is usually used, and is given 
hypodermically, the dose being soon followed by vomiting 
without harmful by-effects. The fact that apomorphine can 
"BW^iven in this manner constitutes one of its chief s ivu-ntagos 
over the peripheral emetics, which act locally on the alimentary 
canal. 

With regard to the chemical nature ojf apomorphine, it 
was first thought that one of the oxygen atoms was present 
in a hydroxyl group, and the other in an ether group, 

I I 

—(5—0—G—, as only a mono-acetyl derivative had been 

I I 

prepared, 1 but Pschorr, Jaoekel, and i’echt have shown that 
both oxygen atoms are present as hydroxyl groupg. 2 ,, 

uo/\ 

HO yAf 2 

'' y/\\'-CH : . 

\/ \/ GH ' J 

O I L OIL 

They also prepared a monomethyl ether of apomorphine, which 
has been shown 2 * to he identical with the so-called “ pseudo 
apocodoi»e, obtained by heating codeine with anhydrci*«s oxalic 

acid at 150° C.' 

• 

1 Dankworth, Annalcn , 228 (1885), 572. 2 Bcr., - - -,, 

3 Knorr and Raabe, Ber ., 41 (1908), 3050. 4 Ber. t 40 (19Cf), 3355. 
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Apocodeine, codeine, apomorphine, and morphine all produce 
purgation in dogs and cats, hut this action is greatest in apoco¬ 
deine, and diminishes in the order given down to morphine. 
Jn the case of apocodeine, the (Lrgative action is greater than 
the vomiting, and it is stated, when given hypodermically in 
suftable doses, to produce purgation without vomiting, and its 
use as a hypodermic purgative has been suggested by Dixon. 1 
Such a substance is greatly needed, and should apocodeine 
come into use for this purpose, it would ho one of the most 
important of artilicial c drugs.,. ,, 

Till, endeavours that have been made to synthesize substances 
analogous to morphine do not appear to have been very success¬ 
ful. This is not surprising considering that, apart from any 
doubt as to the actual constitution of morphine, there is still no 
means of judging which part of the molecule is most intimately 
connecteiii’vith the action of the substance. 

The early work of Knorr led him to the conclusion that 
morphine might be represented by the formula— 


<■ Cil.OH O 

/ \ / \ 

C lu II,,(OH) CII CIL, 


Oil,-Oil OH, 

\ / 

N 

\ 

Oil, 


a conclusion which was subsequently disproved by his own 
work: ' l 

Knorr gave the name “ moppholine ” to th* grouping— 

0 



1 Dixon, B. M. J., 18th Oct., 1902. 
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aa he regarded it as the parent substance of morphine. A 
general method of preparing morpholipe and its derivatives 
which was devised by Knorr, 1 consists in splitting off water 
from dihydroxyethylamines by means of condensing agents, 
such as 70 per -cent, sulphuric acid, acetic anhydride, etc. 
The dihydroxyethylamines are prepared by the condensation 
of ethylene-oxide amines. 

CII 2 , ,ch 2 —ch„—oh 

O + NIL+ | )0 = NH< 

, ' GIL/ • 'CHo-j-CHj—O il 

cone. H 2 S0 4 " CH 2 —CHj/ 

-> NH< >0 

N CH 2 —CII./ 

The parent substance, morpholine itself, was prepared in 
this way, using IICl at 160“ as the condensing agent- By 
CSstig various primary amines of the type KNH 8 /.istead of 
ammonia, substituted morpholines of the type — 



CH a —OIL 

rn( )o . 

CIL^-CII./ 

may be obtained, and by using substituted derivatives of 
R—CH. 

ethylene-oxide, such as I /0, derivatives of morpholine 
R—CIK 

can be obtained, some of which are not unlike morphine in 
their properties. As an example, tetrahydro-rjapjithalene- 
morpholine may be mentioned, as it resembles morphine most 
closely. 3 It was obtained by condensing an alieyplic derivative 
of ethylene-oxide, namely, tetrahfdro-naphthylene-oxide with 
hydroxyethylamin'i. \ 

CH 2 

* •*'-V'" \<jn OH 

HOG1 


■» 

GH„ 


reduced 


\/\S 


%/\/ 

CII., 


CII 


CHC1 

ch 2 

alcoho|ic*K01I 


“ Kaon, Her., 30 (1897), 009 ; 31 (1898), 1070, 1909 ; D. R. P„ 96,864. 

2 Per., 22 (1889), 2081. 

3 Annalen, 301 (1898), 1; 307 (1899), 171, 1?7 ; Her., 32 (1899),*732. 

8 
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OIL, 

/\/\ch 


CH 


>0 NH a -CH.j—qri.,-OH 


\/\/ 

CH, 

Tetraliydro-naphthyleue-oxidc 


ch 2 oh oh 

s\/\ / / 

! : CM CM.. 

1 I -.1 

CII CM, 
^ CLL N*II 


| TI,SO ( 


CH, 0‘ 



CM, MM - 


Another method of preparing derivatives of tetrahydro- 
naphthalene-morpholine which has been devised by Knorr 1 
is by means of the action of hot dilute sulphuric acid on the 
hydramines of the naphthalene series. 


CII., OH Oil 

(Ill, 0 

XX/X/ / 

/X/V/x 

; 

CII CII., 

CH 


1 1 

! | 

J 

CII CII., 

CII 


CII, 

CII, 


OH., NR 


CH., NIl 


These hydramines can be obtained by the action of the 
ethannlamines on the chlorhydriu (sea above), or on the oxide 
of dihydroQftphthalene. ) , 

CH, ’ OH (Ill, OH ,9H 


x\/\ 

/ 

X\/\X / 

CH . OH 

CII, 

Clf CM, 

1 1 

+ 1 = 

L i j i + hci 

1 CH . Cl 

II CH, 

* 1 CH CH., 

X/X/ 

. X/ 

x/\/\ / 

C1I„ 

NR 

CH, NR 


, 4 

A soniQwhat different method of obtaining a morpholine 
derivative,has been devise'd by Stbrmvr, 3 and consists in »e- 


U>. H. P., 106,438. - Annalen, 288 (1835), 83. 
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ducing a boiling alcoholic solution of ortho-nitro-phenacetol 
with tin and hydrochloric acid, whereby 2-methyl-pheno mor¬ 
pholine is obtained. 


O 


CM.,—GO . CII, 


O 

rvv 


\ 

NO.. 


CII„ 

\ I " 
nh 2 ch—ch 3 

' \ 

OH 

. O 

/\ 

/ CH, 


\* 


/. 


'\ Oil—CH., 

\/ 

Nil 

Nitro-phenacotol is obtained by the action of a mono-halogen 
ketone on the sodium salt of o.-nitrophenol. 1 


ONa 

/ 

NO., 


XCH.,—CO . CH., 


O 


= NaX + 


NO, 


CII., 

.1 

CO—CII, 


In a similar way a naphtho-morpholine may be obtained from — 

NO., 

'\OIf 


On the other hand, Vahlcn - differs from Knorr, and considers 
that it is the phennuthreue portio n of the molecule* which is of 
greatest importance in determining the physiological action of 
morphine. (Qverton has shown that phonanthrene itself has 
a narcotic action on tadpoles.) Vahlen considers that the 
“pharmacophore” of ftiorphine is the grouping— 


—o 
\ / 
c-c v 

^N - 


1 D. R. P., 97,242. 


1 Vahlcn, A. e. P. P„ 47 (1901?, 308. 
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and he prepared the hydrochloride of 9-amino 10-hydroxy - 
phenanthrene— 

\_J> r- \ .> 

' \ 4 / 

OH NH a , 1IC1 

which he called “ morphigotiine,” and from this he obtained 
“ epiosine ”— 


O— O 

\_/ 


N N—CH 3 

\/ 


Oil 


by heating it with sodium acetate, alcohol, and methylamino 
under pressure. Epiosine, which to a certain extent resembles 
morphine and codeine in some of its physiological effects, is 
identical with methyl-diphenylene-iminazole, which has also 
been prepared by other investigators. 1 


Isoquinolue Alkaloids and their Derivatives. 

The most important of the opium alkaloids have already been 
dealt with, but there are several others of some importance, 
most of which are derivatives of isoquinoline. These include 
narcotine, papaverine, narceine, laudanosine, and laudaniue. 
The physiological action of these alkaloids is generally not so 
marked as that of the members of the morphine group. The 
important alkaloids of Hydrastis canadensis, namely, hydrastine, 
berberine, and canadino, are also derivatives of isoquinoline, as 
also is corydaline, the chief Alkaloid present in Carydalis cava. 
Of these various alkaloids, hydrastine is probably tire most 
important from the medical point of view, but various artificial 
alkaloids have been prepared from many members of this series 
by simple processes such as oxidation, many of which are of 
considerable therapeutic importance (e.g. cot^rnine). 

In considering these alkaloids, it will be found, that our 
knowledge of their constitution is far more satisfactory than 

r *■ H 

1 Japp and Davidson, J. C. S., 67 (1895), 1 ; Ziueko and Hoi, Her., 12 
(1879), 16M. 
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that of the alkaloids of the morphine group. In the majority 
of cases, not only is the constitution kndwn with a high degree 
of certainty, but in recent yeajs it has, in many cases, been 
confirmed by the synthesis of the alkaloid. •' 

Of the^ilkaloids of this group found in opium, narcotine iwid 
papaverine are present in the largest quantities. The consti¬ 
tution of the latter has been determined chiefly by the work of 
Goldschmidt, 1 which leaves no doubt that the structure of this 
alkaloid m represented by the formula— 

CH 3 0-/\/\ 

:! I 

i| N • 

011 , 0 -^/ 

Oil., 


This has been confirmed by the brilliant synthesis of papaverine 
by Pictet of Geneva. 2 

CII.j 

/%/ V 

Pictet had already shown 3 that | C1I„ 

substances of the typo— . I * *^NII 

* , i v\ n • / 

on treatment with dehydrating » 11 CO 

agents, lose a mole- CH., / \ 

cule of water, giving ^\/ \ * ^ 

dihydro - isoquino- • 

line derivatives of jjj 

the type— • \/\ # 

• CR 


•1 Monaish., 4 , 714; 6 , 3*, 667, 954 ; 7,*485; 8 , 510 ; 9, 42, #27, 349, 762, 
778; 10, 156, 673, 692; 13, 697; 17, 491 (1883-1896). 

2 Pictet and (Jana, Ber., 42 (1909), 2943 ; C. «., 149 (1909), 21». 

3 Pictot and Kay, Ber., 42 (1909), 1973. * 
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In this way he succeeded in obtaining dihydro-papaverine 

CHj 

OTT 

i cir., 

j I 

cn »°--</\/ 

c 

I 

OH., 

I 

/\ 


^OCII 3 

OCIIj 

but this cannot be converted into papaverino by oxidation, as 
any attempt to do this leads to the disruption of the whole 
molecule. Papaverine could not be obtained directly by using 
(CH 3 0) 2 C (i H 3 . CH =CH. NH 2 instead of— 

(CH 3 0) 2 C 6 H 3 . CH„. CH 2 . NH 2 

at the beginning of the synthesis, as the former substance is 
too unstable for this purpose. The difficulty was finally over¬ 
come by preparing— 

CII—OH 

r 4 011 Cn *YY "'CH, 


OH ^ 

1,1 '> U . | OH 

1 

m KA / >■ 

OH O 1 ' Nil 

CO 

/ 1 

0 

•'! 

$ CH, 

CH, 

1 

/ 1 

' 

/\ 

r 

il 

J 0 ™.' 

'yJoch, 

OCIIj 


1 Pictet and Finkelstein, C. R., 148 (1009), 025. 
( 
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which on treatment with phosphorus pentoxido in xylene solu¬ 
tion loses two molecules of water with th<* formation of papaver¬ 
ine. TJjo product thus obtained was in every way identical 
with papaverine obtained from opium. The first stages r*f the 
synthesis,are concerned with the preparation of— , 




• • 

CO 

CII 3 0/\ x and 

cu,dj \ 2 

NHJICl 

Hydrochloride of amino acetovoratrone. 


01 

I 

CO 

I 

• OIL 



OCII 3 

Homovoratroyl chloride. 


The first mentioned is prepared according to the following 
scheme :— 


CII.,0/\ CII,. CO . Cl in CS a CH 3 0^ 

co . ( , H j 

Accto-voratrone. 


CIL(L 

Vcratrole. 


CH a 0 


Amyl nitrite CIIoO 


-f sodium othoxido CII., 


xu 


CO—CH N—C 

I son i t r oso «co-Ji po u n d. 
Stannous chloride. 


CH,0. 


CII>)C co HI* NIL.na 

Aminoaeoto-vorafcrone hydrochloride. 
Tho starting-point of ihe other half of the synthesis is vanillin— 

OH 


CIIO 


00II. 
OTI 

Vanillin. 


Methylated 


CIIO 

'OCfi., 
OCH., ' 
Voratraldehyda 


CH 


/ 


HCN 


N CN 


'OCH, 

ch 3 ' 
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CH(OH)—COOH CHo—COOH 


CHo—COOH 


hydro¬ 

lysis 


OCUj 
OCH., 


Hi 


'OH 
H 

Homoprotocate- 
chuic acid. 


CH.,OH,CH,I 
+ KOH 


OCH, 
OCH, 

Homoverafcric 


This homoveratric acid, treated with PC1 6 , yields the chloride— 


CH,—C0C1 

)CF., 

CII, 


This on shaking with— 


CH 3 0/N|—CO—CHo—NH„. HC1 
CIIjoJ 

Amino-aceto-veratrone hydrochloride. 


in cold potash solution gives, by loss of HC1— 

CO 

CH,0/\/ \ch 3 —NH-CO—ch,—/^>OCH 3 

CH 3 oU , OCH, 

which by reduction with sodium amalgam in alcohol yields— 


CII,0/ 

/Oil 

/CH< 

Y \ch 2 

CH,0\ 

/ Nil 

/ 


CO 


CH,, 



which on dehydration gives papaverine, as previously described. 

Papaverine has only a slight narcotic action, being inter¬ 
mediate ip this respect between morphine and codeint: 1 Ac¬ 
cording to Bernard, 2 the chief opium alkaloids stand in the 


1 Schroder, A. e. P. P„ 17 (1883), 96. 
2 Bernard, G. R., 59 (1864), 406. 
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following order in regard to their powor of causing convulsions: 
thebaine, papaverine, narcotine, codeine, and morphine. Of 
these,.thebaino is the only ojio producing stroug tetanic con^, 
vulsions. Of the alkaloids not mentioned in this list, lijudano- 
sine and laudanine have this property strongly marked, the 
former being slightly less andi^he latter slightly more active 
than thebaine itself in this respect. 

Laudanosinc closely resembles papaverine in its structure, 

being the methyl derivative of tetra-hydro-papaverine. 

• 

CH.,0 

cri 3 o 

CH 

I 

OIL, 





O0II, 


This was shown by Pictet and Athauescu,' who obtained it by 
the reduction of the metho-ehlorido of papaverine with tijj and 
hydrochloric acid, and resolution of the racemic compound thus 
obtained with quinic acid. The dextro-eompouiyl 'gas found to 
he identical with laudanosinc. It has also been obtained by 
the reduction of papaverine to tetrahydro-papaverine, and 
methylation of/the latter, 3 but its complete synthesis, which 
has been recently accomplished, by Pictet and Finkelst*in, 3 is 
of gre&ter interest. Dihydro-pa\>avorine was synthesized by 
Pictet’s general method for the preparation of this type of 
isoquinoline baso ( cf.. previous pages), and the metho-chlorido 
of this compound ‘gave by reduction racemift laudanosine, 
which .was then resolved as described above. This synthesis 
was carried out a short while before that of papaverine, and 
was therefore the first complete synthesis of an ofyuni alkaloid,, 

1 Ber., 33 (t900), 2346; c! R„ 131 (1900), 689* 

3 Pyman, ./. C. S., 95 (1909), 1610. . 

3 Pictet and Finkelstoin, C. H , 148 (1900), 295. 
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Narcotine and its decomposition products have provided 
material for an enormoud number of researches. These are t.oo 
Vumcrous to be described here, bi^ they point to the probability 
of the s'ructure shown in the accompanying formula . 1 


C1I„ 


OH., 


cn < | 

N—CII., 

cn 3 o \ / 

CH 


CH—0 

I i 

I I 

'J l0CH * 

OCII, 


Recently narcotine has been synthesized ^ 
by Perkin and Robinson, 2 who combined 
cotarnine and meconine— \ \„ 

’ CH., 


nr/ 


CH., 


V-t 


/ \ 

/\/ VlIL 


~%/\ 


CO 


CH 0 II — N—CH, 0 


OCH, 


+ HCII—.-QOCII; 


Cotamiao. 


Moconine. 


thoreby obtaining racemic narcotine (gnof^oopine), which was 
then resolved into its optically active constituents. Meconine 

, »'yO— 

,, l Tho positions of the methoxyl, (OCIL), and piperonyl, CH./ , 
^ i NO- 

groups were doiiotful, but have been finally established by Freund and 
, Oppenheim. , Her., 42 (IhOO), 1034. 

’* Perkin and Hobinson, Vroc. Gkem. Snc. t 26 (l'J10), 4.6 and 131. 
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was synthesized by Fritsch 1 in 1898, and the synthesis of 
cotarnine has very recently been acccftnplished by Salway,-’ so 
that the synthesis of narcoting is now complete. y 

The physiological action of narcotine is similar to/that of 
morphine, but less intense. Chemically it is closely related 
to kydrastine, the alkaloid to which the physiological action of 
Hydrastis canadensis is chiefly due. This latter alkaloid, which 
is an astringent and styptic, is used in uterine haemorrhage, etc. 
it was^first isolated in a pure condition by Perrins in 1862, 3 
and tho first observations bearing on ft s structure wer-*'made 
by Power 4 in 1884. Since then the numerous investigations 
of Freund and of Schmidt have fully established the structure* 
of this alkaloid. They have shown lhat it is represented by 
the formula— 


Hll 


,0 


<\ CH , . * 


CH, 


\ 


0 - 


I 

CH—O 


N—CH, 


CO 


OCII 3 

OCH, 


which only differs from that of narcotinc by the»alftonce of one 
methoxy group. 

The alkaloid present in largest quantities* in hydrastis is 
herberine, but its physiological action is not very marked, and 
hence it does not play so important a part as ffydrastine. It 
is also found in a large number of other plants, ancf was first 
discovered fti 1826 in the bark of tho prickly ash. 5 It has the 
formula C,, u H ]; N0 1> + II.X), and the work of W. H. Perkin, jun., 
and others indicates that the probable formula of the substance 
is as shown.’’ a 


1 FrMicli, Annalcn, 301 (IHU8), 351. 

-Salway, J. C. S., 97 (1910), 1208. 

3 Pharmaceutical Jnwrnal [2], 3 (1842), 540. 

'Ibid. [ 3 ], 15 ( 1884 ),“ 97 . 

5 Chevalier and Pellet,au, Journal tie Chimie Medicate, 2 (li*26), 314. 
’’Perkin and Robinson, J. C. S., 97 (1940), 305. 
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• 24 


CIL, 


,oYY CH ^h 2 

x °-V< c A- or 


\ 


lie 


% 

CII 


\/)Cii 3 

OCH., 

Borberino. 


This is related to that of hydrastine and narcotine, and 
is still more closoly related to that of corydaline, the chief 
alkaloid in Corydalis cava. Corydaline was discovered in 1826 
by Wackenrodor, and the formula shown herewith was sug- 
g^-'d for it by Dobbie and Lauder. 2 


CH 3 p 


CII 3 0 




on 


CIL 

I, ' 

Aj* 


CII—fill.. 

/ 




O' 


II c 7 

II I 

lie ,(1-0011, 

^OCH., 


An alkaloid which may be regarded as an isoquinoline de¬ 
rivative, although it does not actually contain the isoquinolino 
ring, is narceine. It is found in opium, but does not have a 
well-marked physiological action. It can be obtained from 
narcotine by heating the metho-chloride of the latter with alkali. 

C,,II M 0-N,CU ;l 01 + NaOH = NaCl ,f C M H 27 0 8 N. 


1 Berz. dahresb., 7 (1828), 270. 


*J. C. S., 83 (1003), 605. 
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This fact led Freund and Frankforter 1 to suggest the formula- 

/CH.,,' 

s 0H 2 


/° 

™'<o- 




' \/\ 


CH ;l O 


C1I„ 


N(CH 3 ) 2 


CO 

I coon 

^\/ 

!* 11 Jr 

OCII 3 

for narceine, which indicates that it is formed from narcotirfe* 

» 

by tlie rupture of both the lactone and the pyridine rings. 

One of the most important “artificial alkaloids” that arc 
obtained from the true alkaloids of the isoquiqpline series is 
cotarnine. It was first obtained, together wiffll opianic acid, by 
Wohler" in 1844, by the oxidation of narcotino with mangaassa 
dioxide and sulphuric acid. This substance resembles narceine 
in the fact that in the free base the pyridine ring is opened out, 
but in the salts which are formed with elimmation of wafer, the 
ring closes and derivatives of di-hydro-isoquinoline are formed. 

CIL, 

,o-yv x 'ch„ 

, „ , + nci 

x o—L nh—CII,, 

CH0 CTJ„ 

,0— \CII„ 


CH.. 


CII 


A- 


1 11 r 
-LA n-ch, 

OCH^^ 

CII Cl 


H,0 


There is some evidence that the free base afso exists as an 
isoquiiriolino derivative of this quaternary ammonium form 
whe%dissolved in alcohol. 3 This alkaloid is of importance in 
medicine as a styptic and as a uterine sedative*«and has bee* 

1 Annalen, 277 (18!);!), 20. 2 Ibid., 50 (&U), 1. 

3 Dobbie, Lauder, and Tinkler, J. G. 6 ’., 83 (1903)^698. 
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brought into tho market under the name of “ Stypticine," and 
its phthalic acid salt under the name of “ Styptol." 

Hydrastine, on oxidation with MnO,, and IL.HO,, behaves in 
'i very similar way to narcotiud, yielding opianic acid and a 
basic substance, hydrastinine, which corresponds to cotarnine— 
OHO 

I ' Oil., 


■■ 2 p + oj 


+ OH, 


! "OfIFT 
OCTL 


/\__COOH f ^ 

0 21 H„0 6 N 1 CH / U , 2 

+ H,0 + 0/ , • + ■ nh 

%/ 0CH > %/ [ 

OCTL, OHO 

OIL, 

Physiologically, hydrastinine resembles cotarnine very 
closely. 

It has been,shown by Pyman, 1 that laudanosine, on oxidation 
with MnO, and tI 2 S0 4 , behaves in a precisely similar way to 
nrr. totinc and hydrastine. The products are a basic substance, 
4-5 dimethoxy-2 /J methylaminoethyl-benzaldehyde, and vera- 
traldehyde, the former being analogous to cotarnine and 
hydrastinine, and "the latter corresponding to opianic acid. 

. OIL, 


1 l| N-GII, 
CH 


v/\/ \ 


N—OH., 


1 Pyman, J. C. .S'., 95 (1909), 1260. 


OCII 3 - 


+ OIIC-^ ^OCII 3 
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fi 


The former combines with acids to form salts of the isomeric 
iso-quinolinium hydroxide, in just the same way as do eotarnine 
aird hydrastininc. * 

Of'these, the chloride, \\4iich is 0-7 dimethoxy-2 methyl 
3-4-dihydro-isoquinolinium chloride, has been introduced into 
practice under the name “ Lodal ”— 1 * 

t 

(ITT, 


GILO 


on. 


N-JCII, 

\/\ S\ 

OH 01 


It causes a rise, of blood pressure, and renders the nean-oeau 
slower and stronger. 

Other pressor substances which have been obtained front 
isoquinolitie alkaloids will be considered in tWfnext chapter. 

It is of interest to note that the N-methyl dorivati^gg^of 
tetrahydro-isoquinolino (narcotine, laudanosine, and hydrastine) 
are convulsant poisons, while those derived from dihydro-iso¬ 
quinoline (eotarnine, “ Lodal,” and hydrastitiine) arc not. This 
relation does not hold for those derivatives, such as papaverine, 
which contain no methyl group attached to the nitrogen. * 

More recently it has been shown - that emetine, C,,,H. ) .0 4 N,, 
and cephaeline, C 2S H 3S 0 4 N 2 , tht; chief alkaloids of ipecacuanha, 
arc derivatives of isoquinoline, as the former on.oxidation gives 
b-7-dimothoxyisoquinoline-l carboxylic acid, 


COOTI 



which is also an oxidation product of papttvorine. It was also 
shown that emetim* is the monomethyl ether ot cephaeline, the 
former^being C^H^N.^OOILjb, and the latter, 
C 25 H as N 2 (OII)(OOII 3 ) 3 . 

^hoso alkaloids have attracted considerable atfcgution recently 


1 Wollcome and i/yman, i^figiinu i/atont (190^, 314. 
-Carr and Pyinan, J. C. S.^05 (1914), 1591. 
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owing to the valuable effect of emetine hydrochloride in the 
treatment of amoebic dysentery. It appears to have a specific 
effect on the protozoal parasites just as quinine has on those of 
^malaria. • 

Accol'ding to Pyman, 1 the protozoacidal effects on this para¬ 
site (Entamaiha histolytica) of emetine, cephaeline, N-lnethyl- 
emetine, and N-methyl-cephaeliiie are practically equal. Various 
other interesting facts concerning the relation between chemical 
constitution and physiological action in this field are given in 
the same paper. ( > » 

In some cases the use of the double iodide of emetine and 
bismuth has been found to be more advantageous than that of 
emetine hydrochloride itsplf. 

Recently two more alkaloids have had their constitution 
established by Perkin, 2 and shown to he isoquinoline derivatives. 
These are cryptopine and protopine, both of them occurring in 
very small quantities in opium; the latter is also obtainable 
fw?». many other plant sources. 


1 Pyman, J. C.S., 111 (1917), 1127. 


2 J. C.S., 109 (1916), 815. 
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CHAPTER IX. 

ADRE1JALTNE AND OTHER DERIVATIVES OF ETHYLAMINE. 

Within recent years, a large number of ethylamine derivatives, 
possessing power!ul physiological action, have been isolated from 
various plant and animal sources. Matty of these are derivatives 
of para-hydroxyphenylethylamine, IIO<^ J>OIL - CTL,—NH 2 , 
and have the. property of producing effects very similar to thosg, 
produced by stimulation of the sympathetic "t-fvous system,' 
one of the most notable of these being riscTof blood pressure. 
Para-hydroxyphenylethylamine is present in aqueods extracts 
of ergot, and other closely related substances are also found in 
various plants, but the most important compound of this class 
is adrenaline, HO<f~>CII(OII)—CII.,—Nil—CH,, an active 

principle which has been isolated from the suprarenal glands. 
It was first obtained in the impure condition by Abel and 
Crawford, in 1897, 2 and in a more pure condition a^s t^io benzoyl 
derivative by Abel, in I899. 3 It was called epinephrine by 
these investigators, and it was also isolated by von Fiirth, 4 who 
gave it the name suprarenine. The name adrenaline ■S'as first 
given to it by Taltaminc/' who was also the firs'# to obtain it 
in a crystalline condition. lie proposed the formula CjjfH^OjN 
from the resists of his analyses, and also made the first observa¬ 
tions throwing some light on its constitution, as ho obtained 
» . 

1 Barger and Dale suggest the torm “sympathomimetic” to dosoribo 
this acfciWn • 

■‘Ze.it. vhysiol. Cltem., 28 (1898), 318. 

Elmer. Journ. of Physiol., 3 (1900), xvii.-xviii.; Proc. of^nr^r. Physiol. 
Soc. (1898), 3. * ’ 

* 1 Von Fiirth, Zeit. physiol. Chcm., 2941900), 105. 

‘Takamine, Amur. Journ. Pharm., l\ (1901), 523; Proc. Physiol. Hoc. 
(1901), xxix.-xxx. ; D. R. P., 131,496. 
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substances from it supposed to be catechol and protocatechuic 
°H . 

/\OII 

acid, [ j andHOq ^>COOH. 

SJhortly afterwards it was isolated by Aldrich by means of 
a somewhat different method, and he gave to it the formula 
C,,H, 3 0 3 N, which is now universally accepted- Abel still pre¬ 
ferred the formula C^HyOjN^HjO, which corresponds to 
almost identically the same composition as C,,II 13 0 3 N, but he 
brought forward no qvidence to show that it contained water 
of crystallization. Pauly 1 confirmed the formula C,jII 13 0 3 N, 
and suggested that it contained the groupings— 

TL = II 

I I Jl 

—C—Clio—Nil—CH, or —C—N( 

I '| x CTI a 

OH.,—on 

Von Forth - had already suggested the formula (lIO).>C li H il - 
[Cjli 3 (OIIJNH—OIL,], as he had found that it did not con¬ 
tain a rnethoxy group, and that it yielded methylamine, salts 
on treatment wish concentrated acids. .Jowofct 3 con tinned 
the' formula C„li 1;l O ;i N, and from the products of a potash 
fusion isolated a small quantity of a substance believed to ho 
protocatechuic acid, but obtained more positive evidence by 
methylation and subsequent oxidation, by which means veratrie 
' OOF., , 

/ 0011 , 

was obtained, and he therefore suggested the 

OOOII 

alternative foimulac— 


acid, 


'OH 

AOII 


II—C—OH 


Oil, 


OH ' 

r 

i 

II—0—NH—CIL 


CtI,-NH-CH 3 IIO'—Oil—NII—Oil., 


I. 


II. 


CII.,—Oil 

Hi. 


1 PaiCy, lkr„ 36 (1903),//Ml. 

'-Vou Fiirth, Beitr. Clu it. Physiol. Path., 1 (1901), 213. 
1 Jowett,,/. 3 . S., 8f,,i304), 192. 
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with a preference in favour of I., which is the formula at present 
aepepted as representing the constitution of adrenaline. 

In 1904 Friedmann 1 showgd that the benzcnesulphonyl de ¬ 
rivative of adrenaline on oxidation yielded the corresponding 
derivative of a ketone adrenalone, which he also obtained by 
the action of methylamine on chloracetyl-catechol— 

* IIO )—CO—CIIj,—Cl, 

116 

and w^ieh, therefore, has the constitution — 

IIO< )- -CO OH, ,\*1! -Oil,, 

110 


and this confirms Jowett’s formula foj- adrenaline. 

From this time onwards, the chemical investigations of 
adrenaline have had as their chief object the synthesis of 
this important and valuable substance. The rdrenalone T>f 
Friedmann can be obtained by the actig^of an excess of 
methylamine on chloracetyl-catechol, the resultan^ base iHng 
precipitated by ammonia.'-’ 


Oil 



CatocYiol. 


Cl . CO . CIIoCl 
Chloracetyl-chlorido, 


OH 

OH H Nil Vli. 

Methylamine. 


CO—OH.,—Cl 

Chloracetyl-catechol. 


OH 



co— ch 2 —nh—ch 3 

Met hyl ami 11 o-acego-catechol 
(adrenalono). 

The reduction of this ketone to the corresponding secondary* 
alcohol (adrenaline) presented great difficulty, but it was suc¬ 
cessfully accomplished by electrolytic reduction or by the 
actio* ,#f alurrynium amalgam on the sparingly soluble sul¬ 
phate pf the ketonic base. 3 


, 1 lieitr. Chcm. Physiol, mid Patlioloaie, 6 (1904), 92 

2 Stolz, Bcr., 37 (1904f 4149; D. R. \ . 162,814 ; English Patent (1903), 
25,480; Dakin, Proc. liny. Soc., 76. B (W05), 491. 

3 D. U. P., 157,3'0; also Dakin, loc. 



132 


SYNTHETIC DRUGS 


OH 
Oil 

CO—OH,—NH—CII, 



OH 

,011 


H—C(OII)—OIL—N H—C1I 3 


Another method for the synthesis of adrenaline starts from 
jrotocatechuic aldehyde. This on treatment \(ith hydrocyanic 
mid j'elds the cyanhydrin, which is then reduced to an amino 
vhich can he converted to adrenaline by methylation. This 
netho*S is not used confmcrcially. 


10/ /CIIO —> 110/ \ —CH(OH)—ON 

HO nrr 


-> IIO/ - /—CH(OII)—OIL—NH„ 

H0“ | 

I 

110/ \—CH(OH)—GIL,—Nil—CH, f 
HO 


The product thus obtained is the racemic form of adrenaline, 
which is less active than the naturally occurring hevo-rotatory 
variety. 

The resolution of racemic adrenaline into its two optically 
activj components has been accomplished by means of the 
fractional precipitation of its salts with tartaric acid, and also 
by means tfcnicilliwm glancum The synthesis of natural 
.adrenaline is therefore complete. 

The methylenp and dimethyl ethers of adrenaline have been 
synthesized by means of a different method, 2 but unfortunately 
these could ndl be transformed into adrenaline' itself. 


/°\ 


GIL, 


cir,—Mg—1 


CHO 

Piporonal 


/°\ 
/\_/ 
I I O 

Vf 

I 

CH, 


C1I„ 


on 


1 Flacher, Zt It. physiol. Clmn.ll 58 (190R), 189, 183; and also Meister,’ 
Lucius, and Briming, D. R. P., 23>|lSl. 

5 Barger ahd Jowett;, J. C. S/ si (1905), 967. 
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beating 


/°\ 

/<_>«■ 


Bromine 


z°\ 

XJ CH ‘ 

1 1 o 


A\ 


r,o 

\/ 


on., 


on 

!! 

err.. 


o* c 


off 


W' 


■pfF 


cub/ 

I 

Oil.,Hr 


A ,/ cu * 

f O 


mothylamine 

GH(OH)—CTIjBr CII(OII)—CPI,—NTI—OH s> 

The methylene ether of adrenaline thus formed has a physio¬ 
logical action similar to that of adrenaline itself. Similarly 
OOII, 


veratraldehydo, 


, 00 II,. 


OHO 


was traualonnedy! no the dimethyl- 


ether of adrenaline, 


0011 , 

“ ,OOH, 


, although 


OH(OII)—C1I Z —Nil—CIIj 

this was only obtained as a syrup. Although by the action of 
phosphorus pentaohloride on the methylene ether? Barghr and 
■Towett (luc. cit.) were unable to obtain a chlorinated com¬ 
pound which should yield the dihydroxy-compouTid*\vith water— 


O--CII, 


CHBr 

I 

OH„Br 


O—C01 2 

| 

O 

iHBr 


CH.,Br 

OH 

Aon 


OH(OII)—CH, 1* 
Botteher 1 states that an exces\ of phosphorus^* pentachloride 

?»*.. ^Aiyou). 2*. # 


1 Bbttclier, Bcr. 
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OH 

aoh . 

gives [ j , which with aqueous methylamine 

< OH (OH)—GIL,Br * 

yields a'physiologically active base, supposed to he adrenaline. 
Pauly, 1 however, considers that Bbttcher has not proved the 
formation of adrenaline by this'method. / 

Considerable light has been thrown on this reaction by 
Mannich, 2 who showed that a mere direct replacement of the 
halogep by the methylanjino grdup does not take place in'chlor- 
or bromhydrins of the types— 

' /°\ 

CH.,( mn. t —CH(OII)—CIl.,Br 

■\ 0 / 

as. 1 (CH 3 0).,C 4 H. 1 —CH(OJI)—CH,Br. Under the influence of 
methylamine, hyo^ibromic or hydrochloric acid is lost, result¬ 
ing ift the formation of an unstable oxide of the type— 

A 

(0H 3 0) 2 C ( ;H.,—OH—OIL,, 

yhich then reacts with more methylamine to form bases of 
the adrenaline series, e.g .— 

y OII 

|CII 3 0)AH-CH< 


X CII 2 —NH—CHj 


or of the isoadreiraline series, e.g .— 
, *(OH 3 O) 2 O 0 n ;) -rOH( 


.NH—CPI/ 
OH, Oil 


Mannich and Jacobsohn 3 succeeded in preparing the methyl¬ 
ene and dimethyl ethers of adrenaline in a pure state, and 
they also obtained the methyl other of /j-methyl r adremtrk: ■ by 
the action of bromine on methyl-isoeugenole. , 


1 Pauly, Ber., 42 (1009), 184 i 

2 Mannich, Arch. Pharm.JlS (1910), 127. 

3 Mannich und JacobsobvXApothek. Zeitg ,, 24 (1909), 

/ /• 


GO. 
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CH 3 0<~>—CH=CH—ch 3 

ch ;! o 

-* .0Tf 3 0< —Clllir—(JIL, 

cu 3 o * 

—> 0[I.,0<3—CH(OTI)—ClIBr—GIL, ' , 

ClI a O 


-> CIT.tV > 011(011)—-CJI-NII-iGHj 

* C1I 3 0 * , * 

This then gives £-methyl-adrenalinc— 


IiO(^_^>CTI(OH)—CH-j-NlI—CII, 



on treatment with hydriodic acid. According *0 Kobert tiffs 
substance has not the physiological action noradrenaline. 

Meanwhile an extended physiological investigation af. ad¬ 
renaline. was carried out by Elliott, 1 who confirmed and ex¬ 
tended the earlier work which Schafer and Oliver, and Langley 
had carried out with extracts of the gland. In gen<y*d, the 
etfect of adrenaline on any structure is similar to that which 
follows excitation of the sympathetic nerves supplying the 
tissue. If administered subcutaneously or locally.to mucous 
surfaces, it causes very marked constriction of the blood-vessels, 
and so arrests bleeding. In moderate doses, sifbcfitaneous in¬ 
jections produce no general systemic effect, very much largsiy 
doses being needed to raise the blood pressure*by this means. 

It is of interest to note that there is a very marked differ¬ 
ence y> the physiological activity of the naturally occurring 
hevo-adrenalinc and the dextro isomeride, this being one of 
the very heSt examples of difference in physiological behaviour' 
between stereo-isoigerides. It was shown by Cushny - that 
natural hevo-adrenaline acts approximately twTce as strongly 
in HKi Jilsing tiie blood pressure as synthetic racemic-adrena¬ 
line, ».nd presumably also on the other organs jiffected by 
adrenaline. From this it was inferred that d-SSrenaline wae 
• ». 

1 Rlliott, Juurn. of rh,)nul., 32 (1905), 401* 

2 Cushny, Journ. of Fh\-rE., 37 (lljps), 130. • 
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inactive on these tissues, and this view was apparently con¬ 
firmed by an examination of partly isolated d-adrenaline. The 
general character of these results was confirmed by other 
tvorkers, 1 but subsequently Cuslmy 2 showed that rf-adrenaline 
is not quite inert in this respect, but has an activity about 
one-twelfth of that of /-adrenaline, so that the action of r- 
adrenalino is almost entirely due to the /-adn/naline contained 
in it y 

The synthetic racemic mixture can be completely converted 
into t^ie desired active component. Either the dextro or the 
lievo compound can be racemized by treatment with acids ; the 
inactive mixture is then resolved into its components, and 
the isomoride not required can then be again racemized and 
subsequently resolved, this process being repeated as often as 
required. 3 The authors of this method state that the dextro 
compound alriV^iossesses valuable therapeutic properties. 

The therapeutiV ses of adrenaline are very numerous, and 
a m5i0 list, of the references to the literature of this subject 
would fdl pages ; an account of many of these publications 
is given in Merck’s Reports during the last lifteen years. 
Adrent-'ine is largely used in conjunction with cocaine and 
,'\ucaine, as it produces a localized amemia, and so checks bleed¬ 
ing, and it also appears to neutralize the toxic effect of cocaine. 
The detion'of adrenaline in producing isehtemia finds applica¬ 
tion in a variety of complaints, hay-fever being an example. 

Adrenalin'e is also met with under the names of hemisine, 

«'£renine, epinephrine, suprarenine, etc. 

Recently various substances chemically related to adrena¬ 
line, and to a large extent resembling it in their physiological 
action, lyive been isolated from various plant and animal 
sources. Of these,; paTa-hydroxyphenyletkylarniw , 

Ilo‘<_>—CH,—Oil,—NIL 

< 

which may be regarded as the mother substance of th^series, 
is the most important. It was first prepared in small quantities 

4 1 Abderl.alden and Miillor, Zeit. 'physiol. Chem.. 58 (190H), 185; Abder-« 
halden and Thits, Zeit. physiol. Ct;em., 59 (1909/, 22; Abderhalden and 
SJavy, Zeit. physiol. Chem., 55 (lOOP), 129. 

2 Cuslmy, Journ. of j‘hysiol.,f'e(li)(yj) y 259. 


D. R. P., 220,955. 
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ry heating tyrosine, 1 * H0\_^XJIL—GH—COOH, and it has 

NIL 

» 

linee been obtained in small quantities from various jiniinal' 
sources.* Putrid meat has for some time been known to |iro- 
luce a rise of blood pressure (pressor action), and in 1909 it 
was found that tins action was due to a number of amines,- of 
which para-hydroxyphenylethylamine had the most powerful 
iction. % The amines vvliich showed this action in a weaker 
legree were iso-amylamine, ((JII a ) a CJI-—OIL—CJI 2 —NHJ and 
rhenylethylainine. It is almost certain that these bases are 
jroduced in the process of putrefaction by loss of carbon 
lioxide from the corresponding amino "acids :— 


Para-hydroxyphenylethylamine, J IO\_/OIL—OIL—NIL,, 

CO OH 

rom tyrosine, HO<f ^>CIL—OHcf J 

\NH, 

Phenylethylamine, C (1 IL,—OIL—OIL,—NIL, from phenyl- 
' COOH 

ilanine, C,.H,-CIL—CH< 

\nil 


And isoamylamine, (Oil.,).,OH—OIL—Oil,—NIL, from 

,00011 

eucine, (CH 3 )„—Oil—OIL,—CH< 

\NH, 

• • 

3 utrid placental extracts had also been shown to produce ^ 
jressor action, 3 and para-hydroxyphenylethylamine has been 
solated from such extracts. 4 

The drug ergot has long been used on account of its thera- 
reutio properties, but it is very ’Variable in its activity, and 
equires to he physiologically standardized owinf; to the un- 
atisfactory statu of our knowledge of the alkaloids present 
n ergot. Recently, liowever, a great deal of l%ht has been 
hroysa;. J*i the, chemistry of ergot by the work of Barger, 


1 Schmidt and Nasse, Annalen, 133 (1805), 214. **►' * 

,J Barger and Walpole, Juurn. of Physiol., 38 (1009), 343; Sale and 
lixon, ibid., 39 (1909), 25* * 

3 Dixon and Taylor, II. M. II. (190:0 1150. 

■* T?.r>«nnlinim .Tnii.ru <>f Vhusinl QQ HM7 
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Dale, and others. The amorphous alkaloid ergotoxine 1 * is 
physiologically active, ljul it does not possess all the character¬ 
istics of tin! action of ergot, and the small amount of this 
alkaloid present in most pharmacopuual preparations of ergot 
led ),o the postulation of an active principle soluble in water.? 
The physiological properties of para-hydroxyphenylethylamine 
suggested that it might be th'e expected act ire principle, and 
this ^expectation was realized when it was shown to he present 
^ in aqueous extracts of ergot, 3 and to be the chief cause of their 
physiological action. ,Not onfy has this substance beenhsolated 
from ergot, 4 but synthetic methods for its preparation have 
( been devised which have rendered practicable its introduction 
into therapeutics. Theae syntheses will he discussed together 
with those of other compounds of this series, but mention 
N should he made at this point of another base isolated from 
''bigot. 5 This is fi iminazolyl-ethylamine— 

Nil'- Cll 

• I —cu.,—Cll,—NH„ 

Cll N- 

and it is formed fi;om the amiuo-acid, histidine— 

Nil, 


NH—(III 


\ 


C—CH„—CH-4500H 


Cll N. 


by loss of carbon dioxide in just the same way as p.-hydroxy- 
phenylethylamine is formed from tyrosine. The action of 
*■ ergot in producing gangrene of the cock's comb is regarded 6 as 
being dae to the alkaloid ergotoxine, and the rise in blood 
pressure is attributed to p.-bydroxyphenylelhylamine, while 
the powerful action of ergoten stimulating the isolated uterus 
to tonic coiitraction is caused by p iminazoly^-ethylamiue. 
This substance, although it has a very powerful physiological 
action, differ^ from all the other active tlerivatives of ethyl- 


1 Barger and Carr, J. C. ,S\, 91 (1907), 057. 

■ Barger and Dale, Dio-Chemical Journal, 2 (1907), 28li. . 

3 Ibid., I*h»~,Physiol. Sue., 15th May, 1909. 

1 Barg.-.r, J? C. S„ 95 (1909), 1123 ; English Patent (1909), 314. 

3 Barger amLDale, True. Chem.foc., 26 (1910)f 128; J. C. S„ 97 (1910), 
2592. / 

‘•Ibid., Pice. Phys'yl. Soc., ^-JPJuly, 1910, xxxviii. 
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amine described in this chapter in causing a lowering instead 
of a rise of blood pressure. ■ 

rt has been introduced into medicine under the names ol 
Histamine arid Hrjamine. * 

The original method for the synthesis of p.-hyifroxy 
phenylethylamine was by the reduction of p.-hydroxyphenyl 
acetonitrile, 1 HO ^*" ^ >CH,,—ON, and subset] ucntly two otliej 
methods of synthesis were described." One of these is by ^tht 
nitration^of benzoyl-phenylethylamine, reduction of the result¬ 
ing para-nitro compound to the amine, which yields the-ben 
zoyl derivative of the desired product when diazotized ii 
boiling solution. This benzoyl derivative is then hydrolyzed. 

< > CII. ('ll, • N'l I t'OC.Ii, 

—> N0 2 < OIL, Nil—COC^H; 

—-> N Oil,—N fl-COOJI 

| UNO,. / 

I * 

IIQ< >CIL,- Cli, Nil OK'.ll 
ir0<C30H 2 —OH,—NIL «—■ 

The other method starts from anisic aldehyde, C1I.,()<(_^JfiO 

which, by the method of Perkin and Robinson, a yields the acid 
ClI : ,Q< r~> CI-I„— OH.,- COOll. This is then converted jnt< 
the chloride, and thence into the amide— 

C^OQCI 1., -CEL,—CO - Nil,, * * 
which by the Hofmann reaction is made to yield the amin 
CH.|Q\ —(iff.,-— N II„. By means of strong * hydro 

bromic acid, the methoxy group is converted iifto hydroxy 
giving para-hydroxyphenylethylambne. ' 

p.-Hydroxjiphenylethylamine has also been prepared fron 
anisaldehyde by Rosenmund, 4 who condensed the latter sub 
stance with nitromethftne to prepare /S-nitro-p.-methoxystyrem 
Thia^ is than reduced to p.-methoxyphenylethylamine, which i 
demethvlated with hydriodic acid. 

4 Bargor, J. C. 95 (1909). 1123; English Patent (UlOUtfM*!. 

» a Bargor and Walpole, J. C. S., 95 (1909), 1720; English Patcni (1909 
1561. » 

3 Perkin and Robinson, J. C. 91 (li»\Y7), 1079. 

4 Rosenmund, 13er., 42 (1909), 4778. •* x 
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CH ;J 0>;iiiO+ii„; cii—no 2 -ch 3 oO(;h. - oh—no., 

• CTI ; ,0< ' >Ofl.,—CTINH,, 

1 

HO<_>(!II 2 —CII 2 —NH., 

This substance has been introduced into practice under the 
mine of “ Ti/ramine" as the chief active pressor principle of 
s aqueous extracts of ergot, and being a pure chemical compound 
it iVas the advantage in being certain and uniform in its 
action. 

Tyramine and adrenaline are representatives of two im¬ 
portant subdivisions of these pressor amines, the former being 
the simplest member of those derivatives of phonylethylamine 
^containing one phenolic hydroxyl group in the para position 
to the ethylamine group, and the latter being a representative 
of the compounds'containing tiro phenolic hydroxyl groups in 
the 3-4 position. Many other compounds of this type have 
been obtained by synthetic methods, and their physiological 
action determined. The syntheses of some of the most im¬ 
portant will now be considered, and the physiological action 
"■ dealt with subsequently. 

The simplest member of the adrenaline series (i.e. those with 
two phenolic hydroxyl groups in the 3-4 position) is 3-4 di- 


OCH, 



OIL, 


Ozone 


CII, 


OCII, 



OHO 


OCH 3 

AOCH., 


I * 

(ill NOH 


Sodium 


^malgam 


OCII., 


, 0011 ., 


cn 2 

i : 

oh 2 -/h 2 



I 

OIL NIL 
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* I 

aydroxyphenylethylamine, H0( )CH,—CH„—NH». This 

„ no 

iompoupd has been synthesized 1 from eugenol methyl ether, 
which by oxidation with ozorte in benzene solution in pro- 
lonce of yater gives tho aldehyde of homoveratric acid.-* This 
s converted into the oxime, which on reduction with sodium 
imalgam and glatial acetic acid'yields the dimethyl ether of 
he desired compound. This ether is then converted into the 
lihydroxy compound with hydriodic acid in tho usual manner. 

By the reduction of the oximes of pther aldehydes,,and 
intones, other members of these two series may be obtained, 
for example, homoanisic aldehyde, CII 3 0 ^ /CH 2 —CHO, 
jives p.-hydroxyphenylethylamine; and para-methoxybenzyl J 
nethyl-ketone, CH.,0<^ ^>OIL,—CO—GIL,, gives, when treated 
n the same way, p.-hydroxyphenyl-isopropylamine— 

CH., 

I r 

IIO< >—CH — CH—NIL, 

3-4 dihydroxyphenylethylamine (A) differs from adrenaline 
iy the absence of a methyl group attached to tile nitrogenjipd of 
,n aliphatic hydroxyl group on the side chain. An interesting 
ntermodiato compound between these two is 3-1 dihydroxy- 


)henylothylmcthylamino 

(B). 

• 

OH 

Oil 

Oil 

1 \OH 

n°n 

rfi* 

l J 

U 

0 

CII„ 

I 

GH„ 

I 

OH—OP 

I 

1 ■* 

CH S 

CH, 

on., 

| 

NIL , 

1 * 

NH—CII 3 

nW-CH ;{ 

(A)" 

(») 

' Adrenaline. 


This, it will bo observed, differs from adrenaline only by 
he gjjpen.*; of tlje aliphatic hydroxyl group, and it is of interest 
n beijjg a connecting link between that substance and the 
iressor derivatives obtained from isoquinoline ri^aloids (e.g. v 
Lndal,” cf. previous chapter). , It differs very^ little from 

1 Mannirh anti Jacobsohn, Z>V., 43 (191Q), 189. , 
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adrenaline in the qualitative nature of its physiological aotion, 
but the rise of blood pressure, although not so intense, is 
more prolonged. This substance has been introduced into 
therapeutics under the name t! “ Epininc." It was obtained 
from d-keto-6-7 dimethoxy-2 methyl-totrahydroisoquinolino 1 
by heating it with hydrochloric acid at 170-175°. The reaction 
probably takes place in the following stages : — 


HO 


I Nil 

\/\ \ 

CO OH, 


IIO! 


OH, 


cn, 

OK 0 ' ' \ ■> 

1 j | OH, -e 

H0 /Nx 

i 

/V 

OH., 

i ! j 

0110 1 ^ 

no \/ 

J 

N-cn, 

\/ 

CO 


CO 



on. 

HO. /X '' /X >,„ 

—> f ' v j GHjj - 

nof' 

\/\ 

| OH., 


Nil 

I 

II OIL 


OH 


no 


sc. HO<2 D-CIL~CH l ,-NH--CH 3 


The corresponding propyl and ethyl derivatives were pre¬ 
pared in a precisely similar fashion. 

The other derivatives of 3-4 dihydroxyphenylethylamino 
to he considered, are mostly prepared by thS same method t as 
that usgd for preparing tha ketone adrenalono and adVenaline 
itself. In that method, which has been already described, the 
methylamine used*in the last stage of the synthesis of adrena¬ 
lono may be replaced by other amines or by ammonia. In this 
way Dakin 2 and Stoh 2 obtained the ketone— 

IIO_ 

^ ho<_>-co-ch,-nii 2 

V % 

1 £yman, C. S., 97^10), 204. » Lnc. cit. 

/ 
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J * 

and its reduction product— 

v . HO 

IIO< >CT^—Oil,,—NIL 

OH 

and also the substituted ketones of the type— 

(?io) 2 cj,.h m . co .'Gin. nk i k 2 . 

Before considering the physiological action of these substances 
with two phonolic hydroxyl groups, attention must be given 
to those synthetic products containing one phenolic hydroxyl 
group in the para position (i.c. those related to tyramine). 
Most of the compounds of this type resemble tyramine’in being 
derivatives of phenylethylamine, C rt H 5 — OH., — OIL — Nil:, 
rather than of phenylethanolamine, 

0 ( ;H f ,—CII(OH)—Clio—NIL,, 

but one member of the latter class, and also the correspoh 3 ‘ 
iug ketone, have been prepared and physiologically examined 
These are. p.-hydroxyphenylethanolamine— "* 

IK); >0111011) Cll ,~ Nil.,, 

and p.-hydroxy-oj-amino-acelophenone * „ , 

IJOv >--00- (11. Nil.. 

which could not be prepared by the. method employed in the 
adrenaline series by using phenol instead of catechol, but which 
have been prepared instead by tiie following synthesis’ (see 
next page). 

p.-IIydroxy-0)-chloro-aeetophenonc could neyj, be condensed 
with ammonia, but its acetate could bo condensed with potas¬ 
sium phthalimide, and the resultant compound, fin removal ol 
the phthalic aeiel by hydrolysis, yifslds the desired con,“pound. 

The ketom'. then gives the corresponding secondary alcohol 
H 0 \ _J>OH(OH)—OH.j—NH,, by reduction with sodium and 
alcohol. ' 

otfcer compounds of this series which have been physio- 
logic^y examined differ from tyramine only in having one oi 
more of the hydrogen atoms of the amine groujV'repl^ced by 
alkyl groups. • • ( 

1 Tutin, Gabon, and Hann, J. C. S. t 95 (V^09), 211*4. 
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ahi'fnimum 

chloride 


CII,C1 

jAnisole + chloracetyl chloride. p.-hydroxy-a» chloro-acetophonorn 


' Yv^* 


j Acetic 
j r anhydAde. 

O.CO.C1L 


ch 3 ' co .‘o<d>- c °- ci h — n r 1 

N 'CO' /X ' / 

H0( - ) CO CJL- Ml., 
with HC1 v — x L 

yji muae, 'turramine, IIO<d> G H 2 —CH 2 — N(Cn 3 ).,, is ft! 
.lkaloid* first obtained front barley germs, 1 but it cannot bi 
btained frofti tyramino by methylation, as on attempting to dc 
his, no compound* but the completely methylated quaternary 
ubstance, hoidenine-methiodide— * 

IIO. C s H 4 . CH a —CH 4 . N (CH 3 ) i , - v . 

ould be isolated. 2 A fortiori this method of direct methjdatior 
3 inapj'itiMe to the preparation of p.-hydroxyphenylethyl 

►Mger, C. B„ 142 (1906), 103; 143, 234, 916. 

3 Barge;, /. 0. S., 95 (1909), 2193. 
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methylamine, FIO . C,,H 4 . CH 2 —CII 2 —NH . GH a . Both them 
compounds have, however, been prepared by synthetic methods 
The synthesis of hordeninc was first accomplished according 
to the following scheme, whieit is self-explanatory :— 1 


C.n,, -CJl, -GIB—on 

Pheuylethyl alcohol 
(commercial substance). 


PC1 5 


C^Hj—CII.j—CH 2 —('1 

Jr II.N(CM : ,)„ 

ca— cn 2 — ch, 2 —n(ch 3 ). 


hno 3 • 

• 4 /. 

N Q., < ) CH.|—OIL,—N(CII :I )., 


J, Sn + HCl 

NH,~ ( > ♦Gil.. GIL N(GH.,)., * 


Jr HNO., 

HO—GIL—GII.,-N(CII a ).„ 


Very shortly afterwards, Rosenmund- obtained hordonine by 
the direct methylatiou of p.-methoxyphei^ylethylamine *-.vith 
alcoholic potash and methyl iodide, and separation of the 
primary, secondary, tertiary, and quaternary compounds thus 
obtained. The melhoxy group is then converted into hydroxyl 
with hydriodie acid. Ilordenine was also obtained by this 
investigator by the action of hydriodie acid on p.-methoxy- 
phenyl-trimethylammonium iodide— . • 

CH 3 oC>H s -GH l -N(CI£ s ),I 

--> HO< >-Cn,— CIL,--K(CH,)., 

Ilordenine is manufactured by the methylatiou of p.-hydroxy- 
phenylethylamine # with methyl chloride (CII 3 G 1 ). 

The p.-hydroxyphenylethylmethylamine — 

IIO< _>GH. 2 - Oil.,—NII ( II.. 
and p.-hydroxyphenylethylothylamine— 


iio< *)cir„~-cn„- n ii— c.,i I, 

wera.prep.fted 1% the methylatiou and ethylation respectively 
of the j^eetyl or benzene-sulphonyl derivatives of p.-methoxy- 
phenylothylamine, the former by both methods, thS'iiuVer only 


1 Barger, J. U. S., 95 (11109), 2193. 
3 ItosenmuiKl, Her ., 43 (1910), 30 
IO 
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by means of the benzene-sulphonyl derivatives. 1 p.-Methoxy- 
phenylethylamine is prepared as indicated on pages 140-141, 
and the rest of tho synthesis is easily understood from the 
accompanying scheme :— 11 

0H 3 0\ _^CTL—CHj—NIL, —> (acetic anhydride) 

- clip }cn, ch, nii ro.cii. (i.) 


CH,0<_>CH — CIL—NII-SO,- CJT, (11.) 
In the case of the acetyl derivative (I.), the substance (Ill.)— 
CH s O<~^CH.—Cn s —N(OH,)—CO. GHj, (HI.) 

is formed by the ^ hi 

a’ouion of sodium and no< /- )C1L -GIL—N-GO . GTI, (IV.) 


a’ouion of sodium and no /” \ GJL -OIL—N—CO . GIL (IV.) 
methyl iodide, and i | 

this on treatment H drolyzod | _ CH, 

with HI gives (IV.), with cone. | * Hd 

which then loses its IIO\_ 'J>C1L—GIL — N —If (V.) 

acetyl group when i 

, Hydrolyzed with CII, 

concentrated HC1 in sealed tubes. The benzene-sulphonyl de¬ 
rivative is treated in a similar manner, and the corresponding 
ethyl-amine is obtained by using ethyl iodide instead of methyl 
iodide. 


The Physiological Action of these Compounds. The re¬ 
lation between tho chemical structure and the physiological 
(sympathomimetic) action of amines has formed the subject of 
an extended investigation [>y Barger and Hale.'- Dakin 8 and 
Loewi and iMeyor 4 had examined many of the ketones of the 
general formula (HO)jjC c H,—CO—GIL—N 11,8,,'and the cor¬ 
responding secondary alcohols of the typ-— 

(HO) 2 C|,H,—CH(OIi)—OIL,—NKjIL 


,r‘WT.polo, J. C. S., 97 (1910), 941. 
a lia.rger and Dale, Journ. of Physiol., 41 (1910), 19-69. 
:l Di-skin, Proc. Roy. Soc., 76 B (1905), (‘.Is. 

4 Loewi and Moyer, A. e. P. P., 53 (1905), 919. 
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and they found that in most cases, as for example with adrena¬ 
line itself, reduction to the secondary alcohol greatly increased 
the adrenaline-like action, but where llj and Ih, represent 
relatively complex radicles, lUikin found no such increase oj 
activity on reduction. The physiological effects examined by 
Barger and Dale were not confined to rise of blood pressure, 
but included dilatation of the pirpil, action on the cat’s uterus, 
etc., for the details of which the original paper should he con¬ 
sulted. Besides the various compounds that have beUfi de¬ 
scribee? in the preceding section? of thig chapter, varioy&other 
amines were examined. 

Of the various aliphatic amines that were investigated, the 
only ones which wore found to produce a marked rise of bload 
pressure were the higher open-chain primary amines, such 
as ainylamine, C,,H n . NIL, and hexylarnine, C, ; II 13 . NIT.,. Of 
these, the normal compounds with unbranched side chains \tfSrt 
found to he more active than the corresponding iso compounds 
with branched side chains. Trimethylafnine, N(OH ;l ^,, hat 
practically no pressor action, and neither has tetraethyl am¬ 
monium iodide, N(C„II s ) 4 I. Cadaverine, NIL, . [Cll.f],,. NIL, 
the only diamine examined, was found to have the'opposite 
action (depressor instead of pressor). » 

A large number of fatty-aromatic amines without a phenolic 
hydroxyl ijroup were also investigated, and it was‘found that 
marked sympathomimetic action was associated only with those 
containing an amino group attached to the second cafbon atomoi 
the side chain. /3-phenyl-ethylamine, —CII 2 —OIL,—Nil, 

for example, produces all the characteristic sympathomimetic 
effects. In the series containing two phenolic hydroxyl groups 
in the 3-4 position, the introduction of an aliphatic Jiydroxy 
in the /3-position of the side chain, and the methjjjation of the 
amino group have an important effect in intensifying the action 
but in the present series, this does not hold, methyl-phenyl- 
ethylamine, 0,41,, —C1L,—CII 2 —Nil. OH,, phcnylethanolamine 
—Cft(01If—C1I 2 —NIL,, and mcthyl-phenylethanolamine 
C,;TI 3 »-CH(0H)—CIL—Nil. C1I 3 , differing but Ht% in then 
# action from phenylethylamine itself, dc.-tetrahyflrjr^-naph 
thylamine— 
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CH„ 

\" 

CII—Nil, 




I 


i Clt 
OH, 


which may he regarded as a derivative of this type, is more 
active than phenylethylamine in producing a rise of blood- 
jiressu e, but is less active than p.-hydroxyphenylethylamine 
(tyram'n e), the simplest member of the next series, namely:— 
Amines with one Phenolic Hydroxyl Group. —The sources 
and preparation of many of these have already been men¬ 
tioned. Methylation of the amino group produces very little 
increase in the activity, TIO—C,.,H 4 —€H„—CH.—Nil. GIL, 
(see page 1:15), being only very slightly more active than the 
primary amine, while the ethyl derivative— 

HO—C,iTI—CII 2 —OIL—NH—CJI f , 
is less active than either the methyl derivative or the parent sub¬ 
stance. The tertiary base, HO—C i; H 4 —CII,—CII 2 —N(CII.,) 2 , 
which is the alkaloid hordenine, has a relatively very 
weak action, but the quaternary base, hordenine, methiodide, 
HO—C 0 H 4 —CH.,—CII 2 —N(CH 3 ) 3 I, although it has no sym¬ 
pathomimetic action, is of interest as it is one of the few 
exceptions to the rule of Crum Brown and Fraser that quater¬ 
nary bases ljavs a curare-like action. Instead, its action re¬ 
sembles that of nicotine, which is a physiological antagonist of 
curare. 

Destruction of the basic property is accompanied by loss oi 
activity, aeetyl‘'p,-hydroxyphenylethylammo— 

e HO—C^H,—CII 2 —OIL—Nil. CO . CH :i , 
for example, being inactive. Tyrosine ethyl ester— 

/COCXy-I,, 

Ho— cjl— CH„—CH< 

■NIL r > 

'so inaefive. A phenolic hydroxyl group in the 3 position is 
' >s afctke'as in the 4 position, the meta-hydroxy compound, 
'Tj,—€H 2 —Nil,,, closely resembling the corresponding 


/ 
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para-derivative (tyramine), but in the 2 position it has no effect 

. Oil 

ortho - hydroxyphenylethylamine, —CIL—CIL—NIL 

being no more active than pnenylethylamine itself. * 

Amines with two Phenolic Hydroxyl Compounds. —Tht 
following compounds in which the two hydroxyl groups arc ir: 
the 3-4 position'were tested 

(a) Derivatives of accto-calcchol (ketones). 

• ' • 

(1) Amino-acoto-catechol, (IIO).,C (i H*—CO—CIL—HIL. 

(2) Mcthylamino-aceto-catechol—■ 

(HO) 3 C,.H a —CO^-CIL—NII-GH,. 

(3) Ethylamino-aceto-catechol— 

(HO)oG i; H :i —-CO—GJ I,—NH—C 2 II S . 

(4) Propylamino-aceto-catechol— 

(HO) 2 C (1 H 3 — CO . cn 2 — Nil— c 6 h 7 . 

(5) Trimethylamino-aceto-catechol chlc/ide— 

(HO) 2 C,;IIj—CO—CIL—N(OH 3 ) ;i C1. 

(b) Derivatives of ethyl-caterjwl. 

(6) Amino-ethyl-catechol, (HO) 2 G (i H 3 -—CIL—CII 2 —NTL.^ 

(7) Methylami no-ethyl-catechol— 

(HO) 2 C, ; H 3 —Clio—OIL—NH—CH.j 

(8) K thylamino-ethyl-catechol— 

(HO)jC„H,—CHjj—CH a —NII—C 2 H 6 i 

(9) Propylami no-ethyl-catechol— 

(IIO) 2 C i; H.,—CIL—CIL—NIL—C*IL. 

(10) Trimoth^lamino-ethyl-catechol chloride— 

(HO) 2 C,iHj—CIL,—CH„—N(CH.,)»(?1. 
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Oil 

H0<2>-C0~CH 2 —NIL. 

v ^ was found that catechol its >lf has no sympathomimetic 
action, although it produces a rise of blood-pressure. The 
following table shows the comparative strength of the action of 
the various amines in causing a rise of blood-pressure :— 

Sul,tains- (nmijVji-rol as brf'nrc}. 
r (l) (TfVbC 8 H 3 —CO--CH..-NH, . , 

(2) (Hbt,C„Hj -CO-CHP-NII-CH., . 

(3) (HO).,C ( J{.,—CO—CH,:—Nil—C..H. . 

(1) (H())„C,II,_CO—CIi;—NH—CfHl . 

(B) (HO). J C, i H : ,-CH,.--CH,-NH., ' . 

(0 (HO).,CJI,-CH 2 '-CH.;-,.NH-CH, . 

(3) (HO) 3 C,jII :t —CH 2 —CH a —NH—C 2 II.,. . . 

(9) (HO).jC fi H. t —CH 2 —CH a —NH—C..H1. 

(11) r- (HO).,O tl H.,—CII(OH)—CH.,—NH„. 
ftU, (HO).,C„H., — CH(OH)—C1I 3 —NH—CI1 ;[ (r-adroualine) 


2-25 
0-25 
1-0 
6-0 
!•;> 
025 
50 
35 


The ratios showiq are only approximate, and vary to some 
extent with the sensitiveness of the animal. The compound 
» 1 ■ numbered (7), which was obtained from an isoquinoline de¬ 
rivative.^ causes a snore prolonged rise of blood-pressure than 
adrenaline. The quaternary bases numbered ( 5 ) and ( 10 ) re- 
st-mble hordenine-methiodido in having a nicotine-like action. 
This is less than that of hordenine-methiodide in the case of (5), 
and greater in the case of (10). Although these bases produce 
a rise of bjpetf-pressuro, they are not included in the above 
table, as their action is not truly sympathomimetic, as is 
evidenced by their action on other organs. The substance 
numbered (Id) on the list, having tho hydroxyl groups in the 
2-4 position, t,-, no more active than the corresponding com¬ 
pound CO—CII./-NIL, having one hydroxyl in the 

4 position. ‘ , 

Further evidence of the non-significance of a hydroxyl 
group in the 2'position is shown by tho triRydroxy compounds, 
HO OH , ■ 

amino-acetp-pyrogallol, HO<d>—CO . CH.- NH,, and acnino- 
, \ * “ IIO OH 

ethyl-pyrogaKol, HO<~ CH.,—CH,—foil,. which, although' 

more suscdptible (fo .oxidation than the 3 - 4 -dihydroxy com- 
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aunds, show no increased sympathomimetic action in com- 

arison with the latter. 

The main conclusions are summed up by these investigators 
3 follows :— p 

“(1) An action simulating that of the true sympathetic 
ervous*system is not peculiar to adrcuinc, but is possessed 
y a large series of amines, the simplest being primary fatty 
mines. We describe all such amines and their action as 
sympathomimetic.’ 1 

“ (2)* Approximation to adrenine in structure is, th# 
.hole, attended with increasing intensify of sympathomimetic 
ctivity, and with increasing specificity of the action. 

“ (,‘l) All the substances producing this action in charaeter- 
4ie manner are, primary and secondary amines. The qua- 
jrnary amines corresponding to the aromatic members of the 
cries have an action closely similar to that of nicotine. 

“ (4) The optimum carbon skeleton for sympathomimetic 
ctivity consists of a benzene ring with/a side chain ^of two 
arbon atoms, the terminal one bearing the amino group, 
mother optimum condition is the presence of two phenolic 
lydroxyls in the 3-4 position relative to the‘side chain; when 
hese are. present, an alcoholic hydroxyl still further intensifies 
he activity. A phenolic hydroxyl in the 2 position docs not 
ncreaso the activity. # 

“ (5) Catechol has no sympathomimetic action. 

“ (6) Motor and inhibitor sympathomimetic nativity vary tc 
;otne extent independently. Of the catechol bases those with 
« methylamino group, including adrenine, reproduce inhibifol 
lyinpathetic effects more powerfully than motor effects: the 
jpposite is true of the primary amines of the satne series. 

“(7) Instability and activity Show no parallelisms si the 



o 


CHAPTER X, 


V 


DERIVATIVE OF PIIENOD (ANTISEPTICS), 


,The liritrance of a hydroxyl,group into the benzene nucleus 
increft*,;s its solubility and its reactivity, and, as might be 
oxpected, these changes are accompanied by an increase in 
its physiological activity and its antiseptic powers. Phenol, 
C fi [J,OII, was the first Antiseptic to he widely used, and its 
antiseptic powers are increased by the entrance of halogen or 
additional hydroxyl groups into the nucleus. The entrance of 
more hydroxyl groups adjacent to the first, also increases the 

/x.OH 

toxicitr; of the substfnee, phenol, , being less toxic than 


u 


catechol, 


,011 


and this in its turn being less toxic than 


/OH’ 

/N0I1 

py rogaHol, (J Qn ' 

. .OH 

On the other hand, the entrance of alkyl groups into the 
nucleus lowers the toxicity and increases the antiseptic pro¬ 
perties, and for this reason the three isomeric cresols, 
O fi H 4 (OH)(CH, ( ),‘are better antiseptics than phenol. Unfortu¬ 
nately this advantage is marred by the fact that they are much 
less soluble in'water than phenol, and hence many attempts 
have been made to obtain derivatives of cresol which should 
retain their ahtisoptic properties, and yet be more soluble in 
water. # 

TW ertsefe form an emulsion with (hard) yellow soap, and 
«tn emulsion of this sort is known as Creulin ,*but Tt sulftftu 
from the clawback that it is demtilsified by mineral u*ids, 
alkalies, <$T«fltnmon salt. A solution of the cresols in soft , 
soap i^nowr^as Lysol, and has attained \fide use as an anti¬ 
septic. It js prepa*ed by mixing the crude coal-tar cresol 
152 
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(cresylio acid) with linseed oil in presence of alcohol until 
completely saponified, and the final product dissolves easily in 
water. 1 

Tjysol solutions suffer froir^the drawback that they vary in 
their antiseptic power according to the amount of orosol present, 
and hence they have to he tested hacteriologically, hut they 
possess the advantage of being less poisonous than phenol or 
mercuric chloride. 

The cresols can also he rendered soluble in water by n^'xing 
them \?i th the sodium salts of organic sulphonic acids./rhusf 
the cresols and other insoluble substances can be brought into 
solution by mixing them with the neutralized products obtained 
from the action of sulphuric acid on resinous oils, etc. 

/Oil 

The sodium salts of cresotinic acid, CII.,. 

' ' 

salicylic acid, and of various fatty acids, can also be used to 
render the cresols soluble. The only substances of this type 
which are of practical importance arc solutions of cresol in soap, 
but a solution of crcsol in sodium cresotinate has been sometimes 
used internally under the name of Snlveol, «s a substitute for 

Oil CII., * 

guaiacol and creosote. Thymol, CII ,<^ ^>0H. , is used Ss 

x °h 3 

m antiseptic and anthelminthic, 2 but for the latter purpose 
ihymol carbonate has been recommended instead. It is pre¬ 
pared from thymol by the action of carbonyl chloride, 00C1,„ 
md is called Thymalol. • * 

The polyhydric phenols have not been much used'in thora- 

politics. Kesorcinol, I | , has, however, found ^jonsider- 

ible application in dermatology, and its acetj^ derivative, 
J ls H 4 (0Ii)(0 . GO . CIIj), is used in the same way under the 
* Oil. ® 

aajpc of Hurcsvl. Pyrogallol, /Oil, is also used in somo_ 

on 

ikin diseases on account of its reducing properties.* v The high 


1 D. R. P„ 52,129. 

2 inkhnlmmlhirt ia 
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HO 

price of phloroglucinol, J>OH, has prevented it from coming 

iio 

into therapeutic use. ^ 

A mixture of various phenyl-sulphuric acids, known as 
Aseptol, is obtained by allowing cold fuming sulphuric acid to 
act on phenol, and adding alcohol to the reaction product. The 
substance thus obtained is unstable and liberates phenol, but 
has special value. 

* TM1 naphthoic are not muck used in therapeutics ; a-ifaphthol 

no 

110 / 


/\/ 
a naphtliol. 


/3-naplifcliol. 


is more poisonous than /?-naphfchol, and so only the latter finds 
any therapeutic application. Jts sodium salt is soluble in water, 
and has received the name Microcidin. A better-known deriva¬ 
tive ft Epicarin — " 


I10.C I ,!I„.CH, •(' 

Oil COOIl 

ft 1 non-corrosive antiseptic which is strongly acid and forms 
suiuuie salts. It is said to ho useful in skin diseases, such as 
scabies. 

An extended investigation on the effect of substituting halogen 
atoms or alkyl groups for hydrogen in tho nucleus of phenol, 
'ahid on the geripicidal power of other phenolic derivatives, has 
been cabled out by Bechhold and Rhrlich. 1 The antiseptic 
power of the.se compounds was compared by finding the amount 
of the phenol required to prevent the growth of certain bacteria 
under stantkrd conditions, the diphtheria bacillus being the one 
usually chosen, ft was found that the entrance of chlorine or 
bromine into .the nucleus of phenol is accompanied by an in- 
^ crease in the antiseptic power. Trichior-phenol wa.", found to 
bo twenty-five times and tri-brom-phenol forty-six times as 
active a nr jihonol itself. Tetrachlor-, pentachlor-, and "penta- 
broui,^ihenols were increasingly active iij the order given, thfe 

l 1 /lit. vhitsiol. Cham.. XT (ltlOfil 17:4 



last-named being five-hundred times as powerful in its action 
as phenol itself. In the early part of this chapter it was stated 
that the entrance of alkyl groups into the nucleus of phenol 
(as in the cresols) increases th^antiseptic power, and this was 
found to t>e the case with the halogen derivatives of the phenols 
also. The tetrabrom derivatives of all three cresols were found 
to be far more aclfive in their germicidal properties than tetra- 
chlor- or totrahrom-phenol, the derivative of ortho-crcsol being 
slightly^more powerful than the meta or para isomeridert A 
one-per-cent, solution of this suf)sta.neiy takes less Ilia.!, two* 
minutes to kill the diphtheria bacillus, whereas a corresponding 
solution of phenol requires more than ten. As tho toxicity of 
this compound is stated to he comparatively slight, it mighi 
find useful application, but the toxicity is apparently still too 
great to permit of its being used internally. 

In fact, although it was found that the entrance of a hrumfa o 
atom reduces the toxicity and characteristic convulsive action 
of phenol itself, nevertheless the conclusioiVwas arrived ai that 
none of these compounds were suitable for use as internal dis¬ 
infectants, as they were no more damaging to bacteria than to 
the animal body. Tho further introduction of tialogen ia accom¬ 
panied by a rise of toxicity, that of the tribrom- and triohloe- 
phenols being about equal to that of phenol itself, while tho 
tetra- and penta-halogen derivatives are extremely texic. * 

The simple phenolic compounds and their halogen derivatives 
are therefore not suitable for internal disinfectiofi,*l>ut greater 
success has attended the use of phenolic derivatives containing 
a second group in the molecule, which lowers' the toxicity of 
the compound. « 

The introduction of a carboxyl frroup, as is usually^the case, 
lowers the toxicity. It is true that it greatly lowers the Anti¬ 
septic power of phenol, hut in spite of this, tjie ortho-carboxylic 

, /NCQOH 

acid ol phenol, 

. • y° n 

properties, and it has proved to he of great value medicinally. * 
Another type of phenolic derivatives whiclj 1ms proved 
value as an internal antiseptic, is represented by guaiacol, 

^ -l Salicylic acid and its derivatives are used more on 


(salicylic acid), has ma»ked antiseptic 


Oh 
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account of their value in lowering the tomperaturo and dimin¬ 
ishing the pain in rheumatism rather than for the sake of their 
antiseptic properties, but the acid and its ester with phenol 
,(salol) are also used as antiseptics. The derivatives of salicylic 
acid will be discussed in the next section, and those of guaiacol 
in the one after that. 

Salicylic Acid and Saiols. —As has been so frequently 
pointed out, the introduction of a carboxyl group into phenol 
lowers its physiological activity. Meta-hydroxy- and para- 
hydti v .y-benzoic acid 1 ' are practically inert physiologically, but 
salicylic acid, in addition to having a very slight toxicity, pos¬ 
sesses special therapeutic properties which are of very great 
value. 


coon 


ACOOII /N 

/NCOOH 

U 

Jon 

OH OH 


ra.-hyuroxy benzoic acid. p.-hydroxy-benzoic acid. 

Salicylic acid. 


The most important of these is a powerful action against 
most of the symptoms of acute rheumatism, which is marvel¬ 
lous in its intensity. Salicylic acid also possesses marked 
antiseptic properties, for which it is often used to check gastric 
fermentation, as its irritant aetion on the stomach is much less 
than that of phenol, and for the same reason it is often used 
to proventt- putrefaction in milk, beer, etc. In the body it is 
rapidly absorbed, and circulates as the sodium salt, which is 
"often used therapeutically instead of the free acid, as of course 
its action is the same, and it has the advantage of being far 
more, soluble'in water. 

Salicylic acid was first synthesized by Kolbe 1 by the action 
of carbon dioxide on phenol. Originally this waS carried out 
by passing carbon dioxide into hot phenol in tho presence of 
sodium, but ’it was found better for technical purposes to 
.prepare dry sodium phenate, C 0 H 6 ONa, and,to pass carbon 
dioxide into this. Even by this method, however, only a 50- 
per-centi* yield of salicylic acid was obtained, and if potash 
were.<fsed instoad of soda, para-hydroxybenzoic acid was the 

'Amlien, 113 (i860), 115; 125(1865), 201; D. It. P., 426. 



chief product. This process was greatly improved by Schmidt, 1 
who heated sodium phenyl carbonate— 

-0—CO—ONa */\—OH 

Ml i* _> IJ-OO—ONa 

under pressure at 140° C., by which means a quantitative yield 
of sodium salicylate was obtained. This process is also applic¬ 
able to the preparation of naphthol-carboxylic acid and oxy- 
quinoline-carboxylic acid. 2 

SalicyWc acid and its sodium s^ilt frequently produce /tin- 
pleasant gastric symptoms, and to overcome this defect v^'rfous 
derivatives have been prepared, one of which, acetyl-salicylic 
/\— O —CO . OH, . 

acid, is of very gisiat importance. This, 

-0(J .Oil 

substance is known under various trade names, such as Aspirin, 
etc. 

It has the characteristic action of salicylic acid, being hydro¬ 
lyzed in the intestine with liberation of sodium salicylate^and 
it also has a slight sedative action of its own. It is a favourite 
remedy for feverish colds, headaches, etc. 

It was first obtained by heating salicylic ackl with excess of 
acetic anhydride or acetyl chloride, but a better yield is obtained 
by carrying out the acetylation in the presence of a condensing'' 
agent, such as sulphuric acid, zinc chloride, or sodium acetate. 
Propionyl, butyryl, and other acyl derivatives of salicylic acid 
have been obtained in the same way. ’ » % 

Of those, methylenecitrylsalicylic acid is known as Noraspirin, 
saiicylosalicylic acid as Diplosal, and succinylsalicylic acid as * 
Diaspirin. The calcium salt of aeotylsalieylie acid is* known 
as Soluble Aspirin or Kabnopyrin, and the softium salt as 
Tylnatrin. These, and also the lithium salt, Hydrojjjfi-in, <,re 
more soluble in water than is Aspirin itself, which th^y resemble 
in their thorapeutic effect, whilst! the last named has also tho 
characteristic action of lithium salts (of. p. 220). ■* 

A^ubsta&ce wliich is isomeric with aspirin has been obtained 
by tho^action of acetyl chloride on salicylic acid in presence 
of ferric chloride. It is an aceto-salicylic acid of«the formula* 
(Ctl 3 . CO). C,,II 3 . (OK)(COOH), and is not toxic, bht il.has 
' D. B. P., 20,930. 3 Ibiii , 31,240. 
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far less antiseptic power than salicylic acid itself. Salicyl- 
/COOH 

acetic acid, (J r H/ ' , in which the hydroxylio 

x O—CI1.,—COOII 

hydrogen is replaced by an acetid'aeid residue, (—GH»—COOH), 
instead of by the acetyl group, (CO . OPI 3 ), was first obtained 
by the oxidation of the ortho-aldehyde of hydroxyphenyl-acetic 
acid. 1 Subsequently, improved methods of preparing it were 
devised,-' hut this substance does not appear to have come into 
use \s a drug. r- 

Salfyiitt’s modification of Kolbe’s salicylic acid synthesis 
has been extended to several other substances. For example, 
COOII 

OH has been prepared from guaiacol, but it has not 

o ; ni. 

found its way into therapeutics, and from a- and /i-naphthols 
tht ’oyi i „3ponding carboxylic acids have been obtained, in each 
of which the carboxyl group is in the ortho position to the 
hydroxyl group. T|ie acid (L) thus obtained from /3-naphtho! is 
very unstable, splitting up into naphthol and carbon dioxide, but 
if the temperature at which the synthesis is carried out be raised 
to 200’-200" (!., a stable acid (11.) is obtained. 


COOH 

,OH 


f 


- \OH 

J JcOOH 

II. 


Of the various derivatives of salicylic acid that have been 
‘ /O.CO.CH, 

mentioned, acetyl-salicylic acid, C, 11/ , is the only 

, 'COOh 

one of rpal practical value, hut other substances have been used 
instead of salicylic acid itself, chiefly on account of the distrust 
with which synthetic salicylic acid was at one time viewed. 
This distrust arose from the fact that the synthetic acid used 
often to contain the therapeutically useless para-hydrpxybenzoic 
''acid, as well as sometimes being contaminateS with the posi¬ 
tively harmful cresols. To make sure of obtaining a natural 
product, .'iOrne physicians preferred to prescribe the glucosidt 


1 Hit., 17 (lS^i), 2005. 


-1). It. P., 03,110, 110,370. 
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salicin instead of salicylic acid itself. This glucoside is hydro¬ 
lyzed by the organism, with liberation of snlitjeniu (salicyl 


alcohol), 


CII,. Oil 
OH 


, which then forms salicylic acid by 


slow oxidation. In this way, the use of saligenin or salicin 
ensures a gradual.action of the salicylic acid. Saligenin may 
be synthesized by the action of formaldehyde on phenol— 



Oiilio-coumaric acid, 


/ H 



. /\cn, on 

“ Uo # n 

Oil- OOOIT i )ears the same 

• ■ 


relationship to cinnamic acid, C.dl-—CII Oil. COOII, as sali¬ 
cylic acid does to benzoic acid, and as cinnamic aciti ' "■ n:e 

physiologically active than benzoic acid, it was to be expected 
that o-coumaric acid would have even mor<j powerful antiseptic 
properties than salicylic acid. This was found to be the case, 
all three coumaric acids having a marked germicidal action, 
which is strongest in the case of the ortho iotd. . 

Incidentally, it should be noted that sodium cinnavuitc lias 
been found to be active in promoting leucocytosis, and has been 
recommended in cases of tuberculosis. Its esters with guajacol, 
phenol, ortho and para-eresol arc too irritant to be of use, but 
its meta-cresol ester is free from these drawbacks, find is used 
under the name of Helocresvl as a dusting powder for tubercu¬ 
lous wounds. A similar compound of cinnamic acid with 
thymol has also •been prepared. 1 

A dilute aqueous solution of sodium cinnamatifhas been used 
in Germany under the name HeUd, and a glySeixd solution of 
this substance which has certain advantage^ over the aqueous 
one was advocated hy Morgan in 1902. The use of drugs, 
such as sodium cinnamate and sodium ortlio-coumarate, which 
produce leucocytosis, 2 appears to have given promising results 

in the treatment of inoperable cancer when combined with 

• • 

* 1 1). R. I’., 99,507, 107*230. 

2 Leucocytosis denotes an increase in the count of tite white blood- 
corpuscles. • a 
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local treatment with substances such as copper ol^te and 
antimony oxide. 1 

The acetyl derivative of o-coumarie acid which is suitable 
for being taken by the mouth hatjbeen introduced by Martindalo 
under the name of Tylmarin. 

Salol and bisters of a Similar Type. —The first ester, both 
the components of which are .physiologically.active, to be used 


in medicine was salol, 


OH 

-CO- 


-0—C,.H ( 


(phenyl salicylate). 


'The introduction of J»his substance by Neneki marked an 
important development in pharmacology, and many other 
attempts have been made to convert substances which are 
tpo toxic for ordinary use into esters from which the active 
component is liberated so slowly that it produces no injurious 
by-effects. In the case of salol itself the ester on hydrolysis 
in 'S. 1 .; x '- ; t\testine liberates phenol and salicylic acid, the 
hydrolysis taking place so gradually that the former com¬ 
ponent can exert it? antiseptic effect without, under ordinary 
conditions, giving rise to its characteristic toxic symptoms. 
In this case both components of the ester are active, but this 
“ salol principle, 1 ’*as it is called, can he extended to esters in 
which only the acid or the alcohol is active, but the use of 
which in the free state is hindered owing to the possession of 
toxic or corrosive properties. 

Derivatives of this kind may he classed as “ partial salols,” 
and comprise two types :— 

, , (1) Esters in whicli an active (aromatic) acid is estorified 
with an inert hydroxylie substance (alcohol), and which there¬ 
fore hear a general resemblance in their physiological action to 
the acid, from which they arc derived, but which may differ 
frona it in being-free from harmful by-effects. 

(2) Esters in which an active hydroxyl compound (alcohol 
or phenol) is esterified by an inactive acii In this case the 
action of the substance resembles that of the alcohol or phenol, 
the sodium salt of the acid being inert. ' 

It must-not be lost sight of, however, that the ester itself 
may exert 'a specific action in the uuhydrolyzed state ( e.g. 


1 H. Lovell Dr go, Lancet , 7th November, 1908, p. 13G7. 
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triaeotin: see Chap. II., p. 22), and thorefore in every ease the 
physiological action of the ester must (^experimentally demon¬ 
strated before it can be used in therapeutics, as a'priori reason¬ 
ing based on the behaviour of iho component acid and alcohol 
might bo upset by the specific action of the ester. * 

Dealing first with the true salols themselves, it may ho said 
with confidence tjiat no other ester of this class is nearly as 
important as salol itself. It was found by Nencki that fatty or 
aromatic acids when allowed to react with phenols in presence 
of zinc chloride, aluminium chloride, etc., yielded ketones, but 
if FOCI, were employed as the condensing agent, estofs were 


formed. Thus salol itself, C,,II. 


/ 


Oil 


is produced ,by 


co *0. c,n 

heating two molecules of phenol, two molecules of salicylic 
acid and one of FOCI., at 120° C. 1 This method has also be,cn 
applied to the preparation of the esters of salicylic* cid with 
many other phenols, naphthols, resorcin, etc., and also to the 
preparation of the esters of other acids, siAsh as nitro-saTicylic 
and oxynaphthoio. A cheaper and simpler modification of this 
method of preparation is to allow carbonyl,chloride to react 
with an equi-molecular mixture of the sodium salts of the 
phenol and of the acid. The ester thus formed can usually tee 
separated from the reaction mixture by distilling it off with 
steam. In this way an enormous number of esters 5f a similar 
type to salol have been prepared.- # ^ 

Salol is also obtained by heating salicylic acid alone at 160"- 
210" C., provided that the water split off by the reaction be re¬ 
moved by distillation, and that the access of air he pftrvented. 3 


2 C c H / 


Oil 


C,H 


/ 


Olf 


COOH 

Oil 


HJOOCflL, 


+ C0 2 + li.,0 . 


,011 


CJL 


\ 


air, 


coon 


ii 


+ CO., 


C,IL 


OH 


,011 


+ CM, 


VfOOTT 


CHI, 


/ 


OH 

h;oqc, ; h s 


+ h 2 o 


1 D. R. P„ 38,973, 39,*84, 43,173. . 

*Ibid., 43,706, 57,941, 68,111, 70,487; and also Nencki, C. R., 108 
(1889), 254. * 3 D. K. IV 62,275. 
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Another method for the preparation of salol is by heating 
polysalicylide (C.H 4 0 ; )a; (obtained by heating salicylic Ibid with 
FOCI,, see Chap. IV.) alone with phenol . 1 

The higher members of the ?jilol series may be prepared by 
heating salol itself with the higher phenol, whereby the lower 
phenol is replaced by the higher. This method is especially 
suitable for use with phenojs which are too reactive to be 
treated with the vigorous condensing agents used in the first 
methods; e.g. hydroquinone, eugenol, carvacrol, etc. 2 
<i “ Partial Salols ” of the First Type. Methyl salicylate (oil 
of wmlfrgreen) is the best known of these. The synthetic pro¬ 
duct is superior to the natural in being free from the irritant 
effects of the latter. It is slower in its action than salicylic acid 
itself. Ethyl salicylate appears to have a specific action of its 
own, and produces undesirable effects, and hence is not used in 
thpfAw.'j^ics. Mcsotan or Erkin is the methoxy-methyl ester of 
,011 

salicylic acid, C, TI,. . Many esters of 

“ X C0 —0—CH—OCR, 

glycerol with salicylic acid, benzoic acid, p.-cresotinic acid, 
and anisic acid have been prepared, such as— 

OH,—0—CO—C..II,—Oil 

I 

CIIc—0—iCO—C,,11,-011 

OII 2 —0- 4 ,C.0—C f ,II 4 —011 
Trisalicylin. 

cn,-o—co—c 6 n—on 

and CII—Oil 

I 

CII,,—OH 

Monosalicylin. 

^The last named is used under the name of Glycosali 3 

1 1 F. H. P., 73,452. 'Ibid., 111,656, 

• *Ibid. } 58,306, 126,311, 127,133, 


CH,—0—CO— C, JI 4 —0 H 

fill—0—CO—C fi Hf, 

CH 2 —0—CO—C, ; H 4 —Oil 
Disalicylbcnzoin. 
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Tho mono^lycol ester of salicylic acid, 

• CH„—0—CO—C,,Hj—OH 

CH„—OH 

is known as Spirosal. * 

SalacHol is obtained by the action of monochloracetono on 
sodium salicylate— 


.OH 

VlOONa + 01 . CH, . CO , CH.j 
,011 


- C.H 

X C0 . O—CH 2 . CO . Cllj 4 - NaCl 


and is therefore the salicylic ester of acotol, HO—CII.,—C0»— 
OIL,. it is rapidly saponified in the intestine, but has no 
particular advantage over salicylic acid. 1 

The methyl esters of the acyl salicylic acids have *iso neon 
used medicinally. Methyl acetylsalicylate is known as Mcthyl- 
rhodin, and methyl benzoylsalicylate as L^nzosalin. • 

“ Partial Salols ” of the Second Type, in which only tho 
phenol is the active part, comprise carbonates and esters of* 
fatty acids. Of these, tho esters of guaiacol and creosote are 
of special importance, and will he considered in tho next section 
of this chapter (which deals with creosote and guaiacol deriva¬ 
tives), together with the general methods of their prepafation. 
Thymol carbonate is known as Tliymatol, 

True Salols. —Of esters of the type of salol m*which both 
components are active, salol itself is the most important, and nsx» 


to it comes /j-naphthol salicylate, | X \ /X |—0—CO 


\y 




which 


is known as Be.tol, and as Naphtholsalol. The benzoate of /?- 
naphthol is also used to a considerable extenj under the name of 
Bcnzonaphthol. Mqjithyl salicylate is used medicinally under 
tho names of Salwienthol and Salt t. In addition to the esters 
of’salicylic acif itself, the phenyl esters of acotylsalicylic anti 

of saiicylosalicylic acid are used, and aro kno 1 - 1 • 

,Vesipyrin and Disalol. 


1 D. K. r., 70,054. 
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In general it is only the monobasic acids whicii lend them¬ 
selves in an economical manner for use as salols, as the esters 
of polybasic acids usually only split off one molecule of the 
phenol, the rest being oxcretedi-still in combination with the 
a'iid. Thus, for example, triphenyl phosphate, (C ( .H,,0).,P0, is 
hydrolyzed in the intestine into diphenyl-phosphoric acid 
■ , 

(C,.,TIr,0).,IY , and phenol, C (l TI,01I, the lormer not being 

OH 

further decomposed in the organism, and thus only a Ihird of 
the phenol is utilized. 1 

Another type of salicylic acid derivative comprises those 
in which it is combined with basic radicles, Salicyl-amide, 
OK 
_/ 

< >—CO—Nil,, is more soluble than salicylic acid, and has 

a more nJ&rkcd analgesic action. Many compounds have been 
prepared in which salicylic acid is combined with substances 
having antipyretic r'nd analgesic properties, especially the de¬ 
rivatives of acetyl-para-amino-phenol. The salicylate of acetyl- 
para-amino-phenol, IIO\ _^>NH . CO . CII 3 , is known as 
Salnphen. 1 In the same manner lactylamino-phenol can be 
condensed with salicylic acid. 2 

Guaiacol, Creosote, and their Derivatives.— Becchwood 
tar has long been used in the treatment of phthisis, and the chief 
active ingredients appear to ho guaiacol and croosol. 



Guaiacol. 



or 

Orcosol, 


CIL, 

,011 

‘OCTI, 


These can lie obtained from the becchwood tar, but guaiacol is 
also largely produced by synthetic methods. It can be obtained 

fi on 


by the partial methylation of catechol, 


Uoii’ 


hut tipis method 


is too expensive for technical use, and' a choapor synthcris is 
fnat which,starts from ortho-anisidine. This substance is pre- 


1 D. ft. P„ 62,533, 6!',789. 


a Ibid., 82,635. See also Chap. V. 
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pared trorn ortho-nitro-phenol by methylation and subsequent 
reduction. It is then diazotized, and the solution poured into 
sulphuric acid containing a large quantity of sodium sulphate, 
heated to 135"-160’’ C., wheijBupon the guaiacol distils over 
with th* steam as it is formed. In this way the production of 
by-products is diminished. 

OH AOf;II :1 /NOCIL, AO01J :l 

no., Uno„ Unti, LJn.,oii U 0H 

Oil, 

Yin 

Jno, 

the preparation of this compound from ortho-cresol is appar¬ 
ently too expensive for it to be used commercially. * 

Guaiacul, like phenol, is corrosive and poisonous, and it is 
probable that creosol would be less toxic, though more strongly 
antiseptic, in the same way as crosol and phenol. * 

0 /, n ocjL ' ‘ 


Creosol has been obtained in a similar way from 


» 

but 


GuuiathoL 


k/OH 


and other higher homologu*) have 


been prepared by heating catechol and the inquired alcohol 1 
under pressure with zinc chloride at lC0°-220” 0., but they arc 
more expensive than guaiacol and have no advantage over it. 

With the object of diminishing the unpleasant and tc&ic 
properties of guaiacol and creosote, various deriwitives have 
been prepared in which the hydroxyl group is esterilied with 
an acid according to Neucki’s salol principle. Ci^'bonic acid 
was the first used, and various other organic and inorganic 
acids have also been tried with varying degrees of success. *Ifi 
every case, the potion of the compound is due to thTs guaiacol 
split off in. the intestine. * 

Guaiacol carbonate, known as *J)uotat, is yrepartfd by.the 
action of phosgene on an alkaline solution of guaiftcol . 1 


OOIlA • 

21 /V . ).+ COCL. 

)Na / • 


OCU, CH,0 . 


\ 


\/ 


s O—-CO- 0 / . +^NaCl 

Duotal is thus obtained as an insoluble prcp^rcju^i, which 
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has less toxicity and unpleasant taste than guaiacol itself, but 
which is not quite tasteless. In the same way, carbonates of 
menthol, borncol, earvacrol, thymol, creosol, eugenol, etc:, have 
hixeu prepared, and also the corresponding esters of carbamic 
acid using chlorocarbonic amide instead of COOL,— 1 

XONa + Cl. CO . NIT, .= NaCl + XO , CO. NIT, 

This process, besides being used for the pure substances, 
may also be applied to the mixture of phenols comprising 
creoscte, by which meqns a mixture of neutral carbonic esters 
free fro'a corrosive properties is obtained, which is called 
t creosote carbonate. 

Phenolic substances, such as guaiacol, can also he converted 
into alkyl carbonates instead of carbonates by the action of 
chloroformic ester on the hydroxyl compound or its sodium 
salt— „ 


XONa + Cl. CO . O . CJT, = X . O . CO . O . CUT, + NaCl; 

<L 

e -9 -— 


and 


/OOIT, 

C # H 4 C from guaiacol, 

Mj—CO . O . CUT, 


,,0000113 

C s n 4 < from oil of wintergreeu. 

,\o C0.0.C,H 6 

/°\ 

' The carbonate of catechol, 0,11/ )C0, forms addition 

HK 

products with, -ompounds containing an alcoholic hydroxyl 
group or r, primary or secondary amino group, whereby one of 
the hydroxyl, groups of the catechol is regenerate/! with the 
formation of a mixed ester of carbonic acid. 2 


o-g-— 


/\/°\ /\/ 

| | ... CO + C,II s OH = | 


0—CO—OC.JI, 
OH 


D. It. P., ll.SfiC, 11C,3CG, for variations of this method. 
2 IbiL.. 92.535. 
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CO + C 0 H,,NH., 


lu the preparation of carbonates of phenols by the phosgene 
method, it may happen that those which are easily decomposed, 
such as the derivatives of iso-eugenol or menthol, are broken 
up, and therefore the. method requires modification. In these 
cases, diphenyl or diethyl carboilate is first prepared, and thi* 
then made to react with the desired phenol. 1 j 

For example, with iso-eugenol— 

COC1.J + 20,.H,,OH = 00(00,11,)., + 2IIC1, 


00 ( 00 , 11 ,,), -|- 20 , 11 ,< 


- OOIL, 
'OH 


O—C,,H.e 


20 , 11 , 011 . 


As the phosphites are said to lie useful in the treatment 
of tuberculosis, it is not surprising that guaiaco* phosphite, 
P( -O— C,II 4 -— OCII 3 ) 3 , has been prepared. It is a crystalline 
powder, which lias the advantage over the carbonate and 
phosphate of guaiacol in being soluble in fatty oils, and i^ i # s 
prepared by suspending guaiacol and an equivalent^ soda in 
alcohol and adding one molecular proportion,of PCI,, to the 
cooled mixture. It is then heate^l to boiling and tljg alcohol 
distilled o£f.- Substances such as this are kno\vn under*the 
names of Phosphatol, Creosote-phosph ite, ets. 

Guaiacol benzoate is known as “ lienzosol," and the acetate 


as “ Euc%l” ; the cinnamate, which is known under the name 
of “ Styracol,’* is saiij to be a very good antiseptic and anfc- 
tullfercular, free from harmful effects. Cacodyluigtd is guaiacol 
cacodylate, (0H„).,As .0.0.0,II,(OCII,),Ti,0. I 

Another type of guaiacol derivatives is that»irt T 1 '' 

« 

1 D. B. P„ 99,057. . s Ibul., 95,57*. 
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hydroxylic hydrogen is replaced by alkyl groups or other 
groups in which the hydroxylic oxygen is directly united to 
carbon. Veratrol may he included in this class, but it does 
not show the physiological action of guaiacol in any great 
dfjgrce, and probably does not split off any guaiacol in the 
organism, if, however, instead of replacing the hydrogen by 
a methyl group as in veratrol, one replaces it by a larger 
group, then the resulting compound is less stable, and guaiacol 
is regenerated to a greater or less extent in the organism. 
“The glycerol ether of guaiacol— 

err.,—on 
I 

CH ; Oil 

ch„— 0 —cyi — och 3 

known as “ Guniamar ,” is one of the most important of this 
type. Tt is soluble in water and is prepared by the action of 
mono-chlorhydrin, CII 2 (OH)—011(011) CILC1, on an alka¬ 
line salt of guaiacol, or by the interaction of guaiacol and 
1 glycerol in presence of condensing agents. Glycerol ethers of 
other phenols have been prepared in the same manner. Taste¬ 
less soluble derivatives of guaiacol and other phenolic substances 
art! obtained by the action of alloxan on phenols in presence of 
certain condensing agents, such as tI„S0 4 , HOI, Zn(Jl 2 , etc. 1 

CO—NH 00 NH 

, - / \ / \ 

B—0-11-t-CO CO - R—0-011 (10 

\ \ 

CO- XII CO—N11 

An insoluble,guaiacol preparation, known as “ GiUiacnl” or 
“ Patmuicpl," is obtained by Abe action of guaiacol in sodium 
ethyhato on spermaceti oil at 80” C.” It is said to lie without 
irritant action on the alimentary canal. 

Guaiaperot is an addition product of guaiacol liperidine, 
having the formula CjUuN^OyIIjOj).. The O—OC.,H ne d at is 
td combine the action of guaiacol with the f r r piperi¬ 

dine on the” he,art and circulation, 
irritant ac^.an. 5 




OH 


without 


f L). It. P., 1 lQy722. jy variations of this method. 
5 Chaplin and Tunniclille 



KJ 1 


formaldehyde and creosote, and lias be#n rccoiuinended as an 
internal antiseptic. A substance of this type recently intro¬ 
duced is “ ITexamecoU," a preparation of gnaiacol and hexa- 
methylenp-tctramine . 1 It is a powder which readily splits up 
into its components (c.rj, when nibbed on the skin), and is 
recommended as au external disiifl'ectant. 

Another class of gnaiacol derivatives comprises substances 
which 4 I 0 not regenerate guaiaeol in the organism. It was to 
be expected that the entrance of a sulp^onic acid group*into 1 
guaiaeol would lower its activity, and such is found to^be the 

/OH (1) 

case. By sulphonating guaiaeol at 70"-J#0' G,.TT/- OC1I., (2) 

"\SO,li (3) 

is obtained, which is therapeutically useful, its potassium salt 
known as “ Thiocoll ” being soluble and non-irritant If the 
sulphonation be carried out at 140 -150° G., the chief product is 
/OH ( 1 ) 

C^-OOH, (2), which is of no therapeutic Value. The sodium 
\S0 3 II (4) 

'1011 

-O—GTIo—COOII, known as “ Guaiacctin," is 
soluble in water and nearly tasteless, and can he obtained by tffe 
action of chloracetic acid on catechol in the presence of alkali . 2 

/OH 

Guaiaool-carboxylic acid, C,.TT ,<-OGH.,, is spariiudv soluble 

\GO()il * 

and has antiseptic properties, but has no advantage over gnaiacol. • 
Although not a derivative of guaiaeol, “ Solceot" i. used as 
a cheap substitute*for guaiaeol to which it has a^'milar action. 

It is a solution of crcosols in sodiunv para-cresotinate —a 


salt ol' 


C1I, 


1 —GOON a 

on 


'£f. Chap. XI. 

2 D. 87,38fi ; see also ibid., 87,(><18 ttUU 01 ,uu 




CHAPTER XL 

OTHER ORGANIC ANTISEPTICS, EXCLUDING HALOGEN 
COMPOUNDS. 

Orgi nic Dyestuffs and Theories of Chemico-Therapy.— 

The organic dyestuffs are of interest both from the practical 
point of view on account of their use in therapeutics, and also 
on account of their importance in the development of the 
theories concerning the mode of action of drugs. 

Many of the diseases caused by microbial or parasitic in¬ 
fection can be successfully treated by a suitable serum, but 
there,are a large number, especially those of protozoal origin, 
which do not lend themselves to serum-therapy. In these 
cases a cure has been sought by chemical means, and at one 
time great hopes were entertained of curing many diseases of 
microbial origin by the use of general antiseptics, such as those 
which have proved so valuable in surgery. Generally speaking, 
however, the results obtained by the introduction of antiseptic 
methods into medicine have been disappointing when compared 
with the '-'Access which has attended their use in surgery. 
Various processes such as the intravenous injection of form¬ 
aldehyde solutions, the inhalation of antiseptic vapours such 
as creosote for consumption, and many others, have not fulfilled 
the hojjp that was placed in them. This is not surprising 
when it is borne in mind that most antiseptics are quite as 
injurious to the tjssues of the higher organism as they are to 
the bacteria (cf. Chap. X,). It has beep, pointed out 1 that a 
greater measure of success may be hoped for in the case of 
whose disespies which are caused by protozoa'rather than by 
bacteria. iThe latter are probably amongst the oldest Lying 
organism,>and have probably acquired a high degree of resist¬ 
ance, byj the former do not appear to have been able to adapt 

/ Cuslmy, 1'roc. llcy. Soc. Med., 2, iv. (1909), 49. 
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themselves so successfully to their environment, and the diseases 
they give rise to are very likely of more lucent date than those 
caused hy bacteria. 

Jn some of these diseases favourable results have been obtained 
by the use of a chemical specific, which is not equally fatal to 
all forms of lile, but which reacts specifically with certain 
micro-organisms in a manner somewhat analogous to the action 
of the afore-mentioned curative sera. This is expressed hy 
saying 'that a substance of this .type should have a strong 
affinity for the parasites (parasitotropic^ hut should be tjnly 
slightly active to the organism (organotropic). Instances of 
this are afforded by syphilis and malaria, which yield far more 
readily to specific antisepsis, the former *to mercury and arsenic 
and the latter to quinine, than do diseases of bacterial origin. 

Our knowledge of the chemical specifics and their probable 
mode of action, we mainly owe to Ehrlich, 1 and his Success in 
this field was largely duo to a careful study of the reactions 
between the parasites and the dyes which reveal them iff their 
surroundings. He realized that the relation between a dye 
and a particular type of cell is a chemical ijacf of great im¬ 
portance, and that such a dye must contain an anchoring group 
that can enable it to attach itself to the particular type of c<*!l 
in question. To vary the simile, the chemical specific may be 
likened to a poisoned arrow, the point being the parflculaf dye 
which lias a selective affinity for (.lie parasite, and therefore 
fixes it. If a poison can be attached to such a dye or to the 
anchoring group of such a dye, the arrow will he not merely*** 
dye, but also the desired chemical specific. • 

This procedure is not so simple as might be,;athered from 
the above, as the attachment of a p#isonous eiqpietit o» radicle 
may destroy.the anchoring effect of the other grou;^. On tTie 
other hand, many dyes arc themselves poiaonous to certain 
parasites, and act as Chemical specifics in thcse*partieuiar in¬ 
fections. . 

•tii • « 

Tor example, some <»f the triphenyimethane many or 

the azo dyes derived from benzidine, and various 4hi?l t i no dye%, 
Such as methyicne-blqjj, have a strong parasiticidal aciVn. 

Thus, amongst the dyes derived from be^zidiiie'T^ymn Red 

1 C/. Chap. I., f. 8. 
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and Trypan Blue have a strong trypanocidal 1 action. The 
former is obtained by tetrazotizing benzidine-orthosulphonic 
acid, and coupling with /i-naphthylamine 3-6-disulphonic acid, 
and therefore has the formula :— 


SO.,Na 


/ 

N N\ • >--< >N a 


sNIL, 


NaSOjv^WjNa NaSO.,xJ , S0 3 Na, 


x NIL 


the latJer is obtained by tetrazotizing o-tolidine, and coupling 
with 8-amino-naphthol (I), 3-0 disulphonic acid (“II" acid), 
And therefore is represented by the formula:— 


NIL. OH 


NaSOl 


OH NIL., 

>* n 'f: 

<’IL, NaS0 3 LJvJSOjNa 


It is Noteworthy th",t all the azo dyes of this series which arc 
effective trypauoeides have the sulphonic acid groups in the 3-6 
‘ position, Naga, lied which differs from Trypan lied only in 
the absence of the sulphonic acid group in the benzidine portion 
of 1 the molecule was found to have a strongly poisonous action 
on the spirilla of relapsing fever, but it also acts strongly on 
the red blood corpuscles. Trypan lied and Trypan Blue have 
shown good results in the treatment of nagana, especially when 
used in conjunction with certain triphenylmothane dyes such 
■ au di- and tri-hydroxy malachite greens, and para-rosaniline. 

Malachite Green has the formula:— 


(< _> x ./ n«'H 3 m:i. 


and Brilliant Green, which is the sulphate of the corresponding 
vthyl compound, is used fairly extensively as-a general anti¬ 
septic. f * 


ir Tho aij’ous species of trypanosomos are thj cause of many tropical 
diseases'notably sleeping sickness, which is duo to infection by Trypano¬ 
soma g< nbknse. 
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Methylene l?lue, 


(OH.,X>N ^N(CH 3 ),C1, t 

is used infernally in a variety of conditions such as rheumatism, 
cystitis, nephritis,.etc. This dyi; was found to havo strong 
parasiticidal action on the spirilla of relapsing fever in test- 
tube experiments, but failed when used on infected animals. 

A dye which is largely used as * paste for external applica- , 
tion for stimulating the growth of epithelium over granulating 
wounds, is Scarlet Bed, an axo dye derived from amidoazo- 
toluone and /3-naphthol, and therefore having the formula, 
CII,. C e H 4 . N : N . C„H,(CIL) . N : N . t 1(J H„0. 

Some of the dyes derived from acridine, 

/ C1T \ 
x/ 1 V 


\ 


N 


have recently attracted considerable attention as antiseptics 
both for external and intravenous use, namely Proflavine, 3-6 
diaminoacridino sulphate, 



«* 


and Trypaflavinc or Acriflavine, 3-G diaminomethylacridiniuoi* 
chlo"’' 1 " 



. CH 3 Cl. 


The latter *vas originally introduced by Khrlich as a trypanocide, 
Proflavine is prepared 1 by the interaction of aVline, form* 
aldoRyde and caustic potash, and heating tho re^ilttV' produgt 
•vith aniline hydrochloride, whereby diaminodiphenXmethane 

• • * V 

1 Benda, Ber., 45 (1912), 1787; D, R. P., 230,1*3; E. P„ 24,6% (1910). 
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is'formed. This is then nitrated, and the ptoduct reduced 
with tin and hydrochloric acid, and the reduction product 
which contains the t'm double salt of tetra-aminodiphenyl- 
methane, , 

’ / CII 2 \ 

cf 

X NII, H a N 

is heated in an autoclave at if 10° to form 3-6 diaminoacridine. 

To prepare Acriflatine from Proflavine, 1 the amino groups 
in the latter are protected by acetylation, and the diacetyl 
compound is then methylated by methyl sulphate or methyl 
toluenesulphonato in nitrobenzene solution. The acetyl groups 
are then hydrolyzed from the resulting compound by heating 
with hydrochloric acid, and on cooling the desired hydrochloride 
crystallises out in red needles. 

Browning and his colleagues have recommended Prollavine 
and Acriflavine in the treatment of wounds, as they have high 
antiseptic power, together with freedom from irritant or toxic 
action, and no inhibiting effect upon the phagocytic action of 
the leucocytes or upon the process of healing. Up to the 
present, the clinical evidence appears to be very conflicting, 
hut it is probable that good practical results will be obtained 
with these compounds. 

Naphthalene, Pyridine, and Quinoline Derivatives.— The 

antiseptics derived from other cyclic systems, such as naphtha¬ 
lene, pyridine and quinoline, are none of them so important as 
certain benzene derivatives, such as phenol. The naphthols and 
their derivatives have already been mentioned in connection 
wjth the phew Is, but naphthalene itself has antiseptic pro¬ 
perties, an?’, on account of its volatility is a useful insecticide, 
and has largely replaced camphor as a means of protecting 
clothes and other fabrics from moths. It is often sold for this 
purpose under the name of “ carbon.” ,, ' * 

All they' pyridine carboxylic acids 'have strong antiseptic 
propertie/i Uvitonic acid (2-picoline-4-6-dicarboxylic acid), 
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COOPI 


, is said to bo a stronger antiseptic than sali¬ 


cylic acid, but the expense of jts preparation has prevented y, 
from being used for this purpose. It is produced by the action 
of alcoholic ammonia on pyruvic acid. 1 

Quinoline has an antiseptic action, which is increased by 
the. entrance of methyl groups. A quinoline derivative has 
been pBiced on the market under,the name of Chino.iol, and is 
prepared by boiling an alcoholic solution of ortho-hydfoxy- 


quinoline, with acid potassium sulphate.- The pro¬ 

fit) N 

duct appears to consist of ortho-hydroxy-quinolino sulphate and 
potassium sulphate. It has been used as an antiseptic both 
internal and external. * 

Various other quinoline derivatives are described in Chapter 
XV. (Uric Acid Mlimiuants). , * 

Formaldehyde. —The strong antiseptic properties of formal¬ 
dehyde have only recently been made use oj in medicine, as 
the application of this substance has been hindered by its 
corrosive and toxic action. It readily polymerizes, forming 

cu.on' 


tri-oxy-methylcnc, HO . CPI-011 .011, which is also strongly 

antiseptic, but gives rise, to had effects when takelWntornally. 
Formaldehyde has long been used for the disinfection of rooms,, 
for which purpose its volatility renders it eminently suitable, 
hut its use as a drtig depends on the manufacture of compounds 
which slowly split off formaldehyde under the Tnflucr^e of tho 
secretions of the organism. * 

One of the earliest compounds of this ela^ss was Glutol , ob¬ 
tained by the actionpif formaldehyde on gelatine ; other com¬ 
pounds of^ this type havo been prepared with formaldehydes 
and casein,' 1 arfd formaldehyde and nucleic acii\ the latte* 
compound yielding sofublo alkali salts. 1 The co»\x>unds of 

” 1 Bnttingcr, Annalcn , 188 (1877). 330; 208 (1881), 138; Her:, 13(1880), 
2032 ; Dc Jong, lire. Trav. Chim., 23 (1004), 131 • • 

2 D. R. P., 88,520. 2 Ibid., 13,565. 1 lbid.\ 139,907. 


k 
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formaldehyde and carbohydrates are of greater importance. 
Classen found that formaldehyde reacts with starch, dextrin, 
etc., yielding insoluble, odourless, non-irritant substances, which 
slowly split off formaldehyde, ,"nd are antiseptic without being 
1 oisonous. 1 Soluble condensation products of dextrin and 
formaldehyde ( Dextrnfnrm ) can be obtained by a modification 
of this process. 2 A condensation product of formaldehyde 
with lactose has, under the name of Formamint, attainod great 
popularity. This substanc; is used in the form of tablets, 
which, when allowed to dissolve in the mouth, liberate formal¬ 
dehyde. and so cliecK and prevent septic conditions in tho 
throat and mouth. 

llexamaeell , a condensation product of guaiacol and hexa¬ 
methylenetetramine, has been considered in the previous 
chapter. 

Formaldehyde reacts readily with ammonia, forming hexa- 
mcthiilcnc.icl.rami.ne., (CH i ) i; N,, discovered by Butlerow 3 in 1860. 

6CILO + 4 NIL, = (CE[.,) 6 N 4 + 011,0. 

It is a basic substance, very soluble in water, and its constitu¬ 
tion is probably represented by the formula— 

.. X 

(ill. CTI» (II. 

I 

N 

/\ 

OH, OH,, 

/ \ 

N N 

e \ / 

\OH/ 

This substance has strong antiseptic properties, but its aqueous 
solutions can be taken internally without causing poisonous or 
irritant symptoms. It is largely used iff medicine, under the 
names of Jlc.ram.inc, Urotrojiin, Cystaminc and CyMigcn, as a 
urinary afjuiseptic, for which purpose 0 is stated to be better 
than salt ,ylic acid or any of the older preparations. It has 

.e 

1 O. ,1. P., 92,259, 1)3,tit, 94,028, 99,378? 

Ibid., 01,282. 3 Butlerow, Annalcn, 115 (1.860), 322. 
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some solvent Action on uric acid, but it is improbable that it is 
capable of dissolving uric acid to any extent in the concentra¬ 
tions in which it can bo present in the organism ( cf . Chapter 
XV.). 'It is also said to be of 'gilue in laryngitis, pharyngitis, 
etc. The anhydromethylone-citric-acid— 

* OH— 0—CO 

i-c— c'h 2 —cooh 


cn 2 —coon 

derivative of urotropine has been introduced under the names* 
of New Vrotropin and Ilelmitol. 4 

A largo number of other derivatives and additive products of 
hexamine have been introduced into medicine as urinary anti¬ 
septics. For example, Anipholropin is hexamine camphorate, 
and the additive compounds of hexamine with sodium acetate, 
sodium citrate, and sodium benzoate are known respectively 
as Cystopurin, Formurol, and Cystazol. In the last-named, 
the antiseptic properties of the sodium benzoate are added to 
those of the hexamine. 

Tannic and Gallic Acids. —Tannic acid is distinguished by 
its astringent and styptic action, and its freedom frefta toxic 
effects; gallic acid is more irritant and five times as antiseptic 


COOH 


as tannic acid. 1 


Gallic acid has the structure, 


IIOUOH 

** OH 


but that of tannic acid is not known with certainty, ]&i 
empirical formula is C 14 H 10 O 8 , from which it appears to bo a 
digallic acid. * ^ 

In order to avoid the unpleasant, taste of tannic acgl itself, 
various insoluble derivatives have been prepared, which pa3b 
unchanged through the stomach, and are decomposed in the 
intestine, where they liberate free tannic acid, ^annigen is an 
insoluble acetyl derivative of tannic acid, soluble in alkalies. 2 
Tdnnoform, one*of the best examples of this clas'v is a cou-» 
densation product of tannic acid and formaldehyde 3 *-'' 

1 Heinz and Liebrecht, Bar. klin. W. (1891), 584. 

' J D. R. P., 78,877; H. Meyer, Vent. vied. lv„ 31 (1«9»). 

3 D. It. P„ 88,082. « ' 


12 
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2C m H !0 O,, + HCHO = CH 2 (C 14 H 9 0,,), +' ILO. 

It combines the antiseptic properties of formaldehyde with the 
astringent action of tannic acid, and is used internally as an 
astringent and antidiarrhoiic; externally it is used as an anti¬ 
septic for wounds, etc. 

Similar preparations of gallic acid have been devised, but the 
compounds of this acid containing bismuth are of more impor¬ 
tance. Bismuth has a beneficent action on wounds, causing 
the surface to dry without impairing the healing power, 1 and 
therefore its insoluble compounds with antiseptic and as¬ 
tringent substances readily lend themselves for use as iodoform 
substitutes (cf. next chapter). 

IIO. X 0I1 

Dermatol is basic bismuth gallate, HO 'C,.!!.,—C0( >Jii< 

110/ ’ ' Mill’ 


and is a favourite iodoform substitute. 

Airol is a derivative of Dermatol, in which one of the hydroxyl 
groups attached to the bismuth is replaced by an iodine atom, 2 

nil 


(HO).,C, i lI.,-CO—0—Bi( . In presence of moisture, it 

M 


liberates free iodine, and it can therefore, ho regarded as a true 
iodoform substitute, owing its antiseptic action to the actual 
liberation of iodine. The presence of the bismuth and gallic 
acid 4 confers also an astringent action on this substance. It 
is used externally as an iodoform substitute (if. Chapter XII.). 


1 Stcinfeid and II. Mayor, A. e. 1\ T., 20 (tsaO), 40. 
-D. It. I’., SO,SOI), 82,503. 



CHAPTER XII. 

1IAL0WEN ANTISEPTICS AND OTJIFJt HALOGEN C05U’0UND Q 
Chlorine Com no ends. 


The stroii'' germicidal properties of chlorine and of hypo- 
chlorous acid have long been knoufn. Bleaching powdi*)', 
which is essentially a compound of calcium chloride and hypo- 
,0—Cl 


chloi ill 1 , Ca 




'•Cl 


has been used extensively for «nany years 


as a disinfectant, for which its cln apneas renders it very suit¬ 
able. Sodium hypochlorite, NaOCl, is readily soluble in water, 
but its caustic and irritant properties prevented its use as an * 
antiseptic for the dressing of wounds. Recently, however, it 
has been shown by Carrel and Dakin that solutions of sod^im 
hypochlorite to which boric acid has been added are far less 
irritant, and very good results have been obtained with* such 
solutions in the treatment of infected wounds. The name 
“ Eusol" has been applied to this solution. Nevertheless, 
these solutions still possess irritant properties, and a furt^ei^ 
improvement in this respect was effected by substituting 
sodium bicarbonate for the boric acid. This modified form of 
Dakin’s solution is prepared by the action of a sqjution of 
sodium carbonate and sodium bicarbonate on bfeaching-powdi?r, 
and care must be taken that it contains from 0'-15 per cent, to 
0'5 per cent, of sodium hypochlorite, ft has been very largely 
used with ^reat success for the irrigation of wounds. 

'More recently, organic chloramines have beenointroduced 
by liakin as substitute! for sodium hypochlorite. •These sub¬ 
stances wore first discovered 1 aud investigated bv Chattawav 
• 

1 Cliattaway, J. G. S., 87 (10061? 115. 

I7Q 
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and* are prepared by the action of hypochlorite solutions upon 
organic compounds containing the imino (—NH—) or amino 
(—NH.,) groups, whereby chloramines containing the (—NCI—) 
group, and dichloramines contemning the (—NC1 Z ) group, are 
produced. Physiologically, theii action resembles that of hypo¬ 
chlorite, but therapeutically they possess many advantages 
over it. For example, they are far less irritant, and are stable 
solids which can bo dissolved in water to givo solutions of a 
definito strength, whereas sodium hypochlorite cannot be kept 
f'n the solid stato, and its solutions are always of somewhat 
uncertain strength. 

The best known and most used of these chloramines is the 
substance introduced under the name of Chloramine T. 1 It is 

CH 3 

sodium p-tolueuesulphonchloramide, /\ and 

" S0 2 —NCINa, 3H 2 0, 

is prepared from p-toluenesulphonyl chloride, a by-product 
-in the manufacture of saccharin. This by treatment with 
Ammonia is converted into p-toluenesulphonamide, which on 
warming,with sodium hypochlorite solution is converted into 
Chloramine T. 

CH 3 .0,11,. SO/Jl -> CH 3 . C 8 H,. S0 2 . nii 4 -> 

<> CH 3 . C 6 II 4 . S0,NClNa. 

It is also prepared by dissolving Diehloramiue T (see below) 
in hot caustic soda solution. 2 This substance is also known by 
•he trade name of Tolamine. 

It is a stable crystalline compound which is soluble in water, 
and has been o.’ great value in a variety of septic conditions, 
especially in military surgery for the treatment of infected 
wounds. 1 jS freedom from irritant properties has rendered it 
particularly useful in the treatment of injuries to the mouth 
and jaw. It i„ also used as a disinfectant lotion in cases of 
infectious di .ease such as scarlet fever, measles etc. 

The coresponding diehloramiue, pdoluenesulphondichlor- 

1 Dakin, Colien, Daulresne and Kenyon, Pror. Roy. Soc., B 89 (1916), 
232; Dakin,'Conan, and Konyon, B. M. J. (1916), ICO. 

1 Chattaway, loc. cit. 
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amide. 


CH, 


is also used as an antiseptic under the 


SO a —NCL 


name of Dichloramine T. 

It is readily prepared by dissolving p-toluenesulphonamido 
in bleaching powder solution, or by the action of hypochlorous 
acid upon Chloramine T. 

It js used for the treatment of wounds 1 in the form of a 
solution in solvents such as “ chltftcosano ” (chlorinated p%raffii« 
wax) and chlorinated eucalyptol. Its oil solution # has also 
been used as a naso-pharyngoal sterilizer in cases of menin¬ 
gitis, and complete sterilization of the.carrier has been claimed 
by this means. 

Another dichloramine derived from p-toluenesulphonamido 

CO OH 

is p-sulphondichloraminobenzoic acid, * . This 

k/ • 

• S0 2 —NClo 

substance is known as Halazone, and is specially recommended*, 
for the sterilization of drinking water.'- I<t is prepared by 
heating p-toluenesulphonamido with bichromate and sulphuric 
acid, whereby the methyl group is oxidized to the carboxyl 
group with formation of p-sulphonamino-benzoic,acid. 4 This 
acid is then dissolved in caustic soda solution, and treated 
with chlorine gas in the cold to form the desired iichloramino 
acid. 

CH,. C„II 4 . SO.,. Nil., -> COOII. C„H 4 . S0 2 . NU,-> 

"• ‘ coon. c,ii 4 ."so,. Ndj. 

Iodine Compounds. 

Iodoform and its Substitutes.— Iodoform ha? been very 
extensively usod in # surgery as a dressing *for wounds, as it 
seems to promote healing as well as exerting an antiseptic 
action. In laboratory experiments in vitro, iodoform has #0 
slight a bactericidal p8wer as to indicate that it would bo use¬ 
less for such a purpose, and its antiseptic action appears to Ire 

1 Dakin and Dunham, Pharm. Journal,100 (191 , $2. 
a /6id„ B, M. J. (1017), 683, 
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duetto the free iodine liberated when it comes into contact with 
fat, putrefactive material, etc. 

Iodoform is prepared according to a well-known method by 
the action of free iodine oil a-' warm mixture of acetone or 
altohol and sodium hydroxide or carbonate solution. / ln this 
process, part of the iodine is used up in forming alkaline iodide, 
from which lree iodine has to lie again regenerated before it 
can bo used for the manufacture of a further quantity of iodo¬ 
form. For this reason, various electrolytic methods fo; pre¬ 
paring iodoform have been devised. One of these consists in 
electrolysing in a current of carbon dioxide a warm solution 
of potassium iodide to which alcohol lias been added. 1 

The same method can be applied to the preparation of chloro¬ 
form and bromofonn, hut in these cases the stream of carbon 
dioxide is unnecessary. Iodoform is also manufactured by 
passing ozone through a solution of potassium iodide and 
sodium carbonate in 30 per cent, alcohol, at a temperature 
>f 50° 0. The ozone is passed into the liquid until all the 
jotassium iodide has been decomposed." 

, Iodoform, in spite of its many valuable properties, suffers 
rom some serioQs drawbacks, the chief of these being its 
lowerful odour and the fact that it often has an irritant action 
>n the skin, giving rise to a kind of eczema. It also has toxic 
properties, which sometimes give rise to definite symptoms of 
poisoning. In order to mask the odour of iodoform, many 
nreparatioiVo' have been introduced in which it is mixed with 


strong and pleasantly scouted substances, hut these need not 
tie mentioned here. On the other hand, by combining iodoform 
with inodorous substances, its volatility can 1»; lowered and its 
odour destroyedT 

■*'or example, fl, compound of iodoform with hcxa-methylene- 
tetramine is inodorous, and is known as i^doformin , :f and a 
similar compound with hexamolhylene-teiramine-elhyl iodide 
was introduced under the name iodoformal , 4 hut both of these 
compounds fire decomposed by water into their components, 
and hence hi practice they possess no advantage over a mere 
mixture. 


1 ,J. K. P. V KI,77J. 
'■'Ibid., 87,812. 


109,013. 
4 Ibid,, 80,243, 
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Of far greater importance are tho efforts that have been mfl.de 
to produce other insoluble compounds which should possess 
1 the valuable properties of iodoform in promoting the healing of 
woundfs, and have the furthered vantage of being less irritant 
and toxic than iodoform, and«free from any powerful odoijr. 
Many substances have been prepared in attempting to meet 
these requirements, and these comprise derivatives of iodine as 
well as those of other halogens and of various metals such as 
bismuth. Of tho various iodine derivatives, pure and simple, 
that have come into use, only »ne of them, iodol (tetraiodo- 
pyrrol), resembles iodoform in the fact*that its action is duo to 
the actual liberation of iodine. Airtd, a bismuth ccflnpouud, 
which also liberates free iodine, has been considered in tho 
previous chapter. * 

In aromatic compounds it is true that the antiseptic power is 
generally increased by the replacement of hydrogen by iodine, 
but nevertheless the latter is too firmly united to *the nucleus 
to be liberated by the action of tho tissues, and therefore these 

I 1 compounds cannot be compared in their action with iodoform. 

In the case of the pyrrol ring, however, the iodine is in a mor‘“ 
labile state, and totraiodo-pyrrol— 

i I—C-0—T 

P 1 

1 (' C I 

\ / 

Nil 

resembles iodoform in its action, and has the advantage of being 
odourless and non-irritant, as well as insoluble. It is used ifs 
an iodoform substitute under the name of iodol, and is pre¬ 
pared by the action of iodine on an alkaline Solution of pyrrol, 
the latter being obtained from “ bone-oil.” 1 • * 

Thero are, however, many other organic derivatives of iodine 
which possess antiseptic properties, and a?e used as iodoform 
substitutes, although their mode of action i?^uite different. 
‘For example, by the addition of a solution of iodirre in potassium 
iotlide to an alkaline Solution of a phenol, compounds are pro-* 
duced containing two atoms of iodine, one of which replaces 
• 

1 D. K, P., 35,130, 38,1*3. 
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a nuclear hydrogen atom, and the other the hydrogen of the 
lydroxyl group. By the action of sodium sulphite, tho iodine 
.torn can bo removed from the 01 group and the mono-iodo- 
ubstituted phenol formed- j 4 different type of iodophenol 
p. produced by tho action of iodino in potassium iodide on 
ihenol-carboxylic acids in presence of an exact amount of 
,lkali, whereby tho COOH group is removed by loss of C0 2 , 
,nd iodine enters the nucleus but not tho hydroxyl group. 1 
/COOH 

for example, i ,w}ien treated in this way, yields tri- 


odo-meta-crcsol, 


Tho same product may also he 


CIT 3 y OH 


(repared by adding a solution of iodine in potassium iodide to 
, very dilute solution of mcta-cresol in alkali.* 

The iodoxyl compounds, containing tho group —01, possess 
narked antiseptic and anti-syphilitic properties, but the iodo- 
ibenols containing,.iodine in the nucleus do not differ very 
nuch from tho phenols in their action, but they are sometimes 
ised, as they are,convenient crystalline insoluble antiseptics. 

The best known of the iodoxyl compounds is Arislol, di- 
hymol-diodide— 3 

C ‘ H fl 

lO'.JOH, 

ioAch, 


vhich is a favourite antiseptic, but suffers from the drawback 
of being rather unstable and expensive.' 1 
rfurophen — 

c 4 H ( , 0,11, 

■' ch-A ; ii-A„ii-oh ;i 

I! 


01 0 


I D. R. P„ 72,996. 'Ibid., 106,504. 'Ibid., 49,789. 

1 Eichhof!, 'It 'latsh.f.pr. Derm. (1890), 2; Neisser, Berl. Jilin. W. (1890), 
Nr. 19. 
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is another suBstance of this type which serves as an odourlfess 
and non-irritant iodoform substitute. 1 

Tri-iodo-cresol, known by the fancy-name of Losophan, is 
an example of a phenolic compound in which the hydrogen 
atoms of the nucleus are replaced by iodine. These substance*? 
possess the antiseptic properties of phenols in an enhanced 
degree, but they (jannot be regarded as iodoform substitutes, 
as they do not possess the characteristic iodine action, and are 
also t%) corrosive in thoir action on the skin. 

Tetra-iodo-phenolphthaiein has* been prepared by manj dif-» 
ferent methods. 3 Phenolphthaloin itself— 

(V.H, 

fc, h, - onc: >-o 
0 

when taken internally has a mild purgative action, bjjt is other¬ 
wise physiologically inert; but the tetra-iodo-derivativo— 

cyi. , 

(c i; n.,r,oii).,-c( ^)co 
o 


called Nnsophcn, has powerful antiseptic properties. As Urns 
substanco contains two hydroxyl groups, salts can be prepared 
with the heavy metals such as zinc, iron, mercury, aifd bisAiuth, 
but these havo not come into use, although they combine the 
antiseptic action of nosophon with the useful properties of th»- 
metal. * • 

Isoform is the name that has been given to para-iodaKy-anisol, 
CH 3 C a colourless insoluble powder tint has been re¬ 

commended as a dry antiseptic, and which is ®iid to I*) especi¬ 
ally valuable in the treatment of mercurial stomatitis. 3 It is 
obtained by the oxidation of para-iodo-toliSme, CII 3 <( 
whereby CH^ ^/ICL or CII 3 « ( ~~) lO is forme! either being 
eSsily oxidized to Commercially, it is not m^t 

• * 

»D. R. P.,56,830, 61,575. „ „ 

1 Classen, Her., 28 (1WJ5), 1606; D. ft. I’., 85,980, 80,069, 88,890; Kalle 
& Oo., D. R. P„ 113,596. , T 

»Siebert, Dcut. med, W., 7 (1907), 256. 1 D. It. P., 161,725. 
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with in the pure state, but owing to its explosive nature is 
mixed with calcium phosphate or glycerol. 

Sozoindol , C e H i I a (Ofl)(S0 3 IT) l 1 probably owes its antiseptic 
action partly to its strongly,acid character. Its zinc and 
mercury salts are useful preparations for the administration of 
these metals. 

Lorctin is iodo-hydroxy-quinoline sulphonic acid— 

SO., II 



prepared by Claus by the sulphonatioii of hydroxy-quinoline 
with fuming sulphuric acid, and treating the reaction-product 
with iodine. 2 This substance is said to he an iodoform sub¬ 
stitute free from unpleasant effects. Its sodium salt has been 
used in tuberculosis under the name of Grmirin,* Other simi¬ 
larly constituted compounds with the same kind of action have 
boon prepared, and iodo-chlor-hydroxy-quinoline 4 has been in¬ 
troduced as a non-poisonous iodoform substitute under the name 
of Vioform. 

Substitutes fur Alkaline Iodides.—Another important class 
of*iodine compounds includes those substances which have been 
prepared with the object of producing substitutes for the alka¬ 
line iodides. The latter are largely used in medicine, but arc 
liable to c?”se unpleasant symptoms, to which the term “ iodism ’’ 
is given, and for this reason a very large number of drugs have 
been introduced with the object of furnishing substances which 
should possess the therapeutic value of the alkaline iodides 
without giving'-'.se to the symptoms of iodism. 
y. Iodoform has been used internally, being for the most part 
converted by the organism into alkaline iodides, hut in has no real 
value in this re- poet. Compounds of iodine (ami of bromine) 
with fats win ,n gradually split off their iodine appear to be very 
good substitutes for the alkaline iodides, compared with which 
they are said to possess many advantag is. 1 

1 f). It. P., 15,220. ■ Ibid., 72,342. 

. HA*utb. (WOt), 1108. *-.•). It. P., 117,707. 

II. VViutcrnit,, Dent. mod. IP., 23 ( 1807 ). 
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Iodipin is o fie of the best known substances of this type, and 
is a combination of iodine and sesame-oil. 1 

Iothion is di-iodo-hydroxypropane, C 3 ft,,I.,OII, and is used in 
the form of ointments as a substitute for tincture of iodine. 

lodival is mon-iodo-isovaleryhurea— 

' OH,. 

>CJI—CIU—CO-r-NII—CO—NIL, 

CII/ 

and is^idm mistered internally as a substitute for iodine and the 
iodides. It is said to be specially useful in nervous diseases,# 
and in syphilis. 

Para - iodo - i/iiaiacol,- HO<^ /—I, js decomposed into its 
components in the intestine, and lias been recommended as a 
substitute for the iodides. 

The thyroid gland contains iodine in organic combination, 
and various attempts have been made to prepare a similar 
substance to the so-called “ iodo-thyrine ” by combining iodine 
with proteins. The products thus obtained! do not resemble 
iodo-thyrine in their physiological effects, but they form useful^ 
substitutes for the alkaline iodides. Compounds ol iodine with 
proteins are readily obtained by the addition of iodine in pohis- 
sium iodide solution to aqueous protein solutions, or by adding 
finely powdered iodine to warm aqueous solutions, #,nd coagu¬ 
lating the product with acetic acid.' 1 One oi the best known 
compounds of this type is Toiloi/lidiui 1 , a compound ol iodine_ 
with gliadin, the vegetable protein obtained ironi wheat. ^ It 
behaves in a similar manner to potassium iodide, but is sain 
also to increase *tho metabolism, thus resembling iodo-thyrine 
in this respect. 1 Another compound of ioditffi amj yrotoin is 
Icdalbin, which is also used as a substitute*for the alkaline 
iodides. 

Bkominu Dkiuvativms. 

• As in t&e caiti of iodine, the entrance of cl....„....ue 

ini* aromatic compounds increases their antiseptic power, hut 

• • 

* < Merck, I). It. 1’., 159,748. ■‘Clieniil.ir Zeitg., 31 (I9OT), 176- 

3 Hopkins and Brno* Jtmn 1 . of Physiol., 22 (1897), 18*. • 

‘Pent. med. IV., 37 (1907), 1490. 
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the chloro- and bromo-phenols have so strong aiS irritant action 
that derivatives of that type have found no therapeutic applica¬ 
tion. 

On the other hand, the alkaline bromides are of very great 
piedicinal value, being especially important in the treatment of 
certain nervous disorders. Potassium bromide has some draw¬ 
backs precisely similar to those attending the use of potassium 
iodide, and so efforts have been made to find substitutes which 
will possess the useful sedative properties of potassium homide 
without its drawbacks. 

The substances herb described are therefore not antiseptics, 
but are nervous sedatives and mild hypnotics, They are in¬ 
cluded in this chapter on account of their closo chemical relation¬ 
ship to the iodine compounds described in the previous section, 
though they arc therapeutically related to the hypnotics described 
in Chapter IV. 

Bromip'Cn is analogous to iodipin, and is said to he a valuable 
substitute for potassium bromide. 

Valerobromine , )GII—CHBr—COONa, is said to be free 

CH/ 

from the drawbacks of potassium bromide, while retaining its 
sedative properties. It is also said to derive a sedative action 
from the presence of the valerianic acid grouping, but this 
seems doubtful. It is obtained by the action of bromine on 
valcrianicr-.cid, whereby bromo-valeriauic bromide is obtained, 
which is then hydrolyzed with water and neutralized, giving 
’Valerobromine— 

CH, " Cl! 

)CII—Oil .-—CO . Oil -» j>CII—CHBr—CO—BE 

cii/ - ; - CH, 

" QJJ 

'>> J 3 \cp—CIIBr—CO . ONa 

f CH/ 

, Other derivatives of a-bromoisovalerianic acifi which are used 
as nervous sedatives are its ester with burned, 

C,II s Br—COOC 10 H 17 , and its urea derivative,-; 

CH *• 

‘^GEH-CHBr-CO-NH--CO—NH,. 

CH/ ' 
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The former is »known as Brovalol and Eubornyl. The lattar, 
which is exactly analogous to Iodival in constitution, is known 
by the names of Bromurul and Dormirjeite. 

Another bromine derivative ol # urea which is used as a safe 
hypnotic is Adalin, 1 bromdiethyliicotylurea, 

* CH 

^CBr . CO . Nil. CO . Nil.,. 
c 2 h/ 

In thi^compound, the mild hypnotic action of the 
—CBr. CO . Nil*. CO . NIT,, 

group is probably enhanced by the presence of the twj> ethyl 
groups united to it ( cf. Chapter IV.). 

Bromoylidine is a compound of wheat* protein with bromine^ 
and Bromalhin is another bromine derivative of protein. Both 
arc used as substitutes for the alkaline bromides, and they arc 
respectively analogous to Iodoglidine and Iodalbin. 

1 E. P., 2888 (1010). 
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INORGANIC ANTISEPTICS ANT) METALLIC COMPOUNDS. 

Most of the non-metallic inorganic antiseptics, like the chlorine 
compounds described in the previous chapter, owe their antiseptic 
properties to their oxidizing power. Practically the only ex¬ 
ception is boric acid, 11,110.,, which is a very weak antiseptic. 

' Hydrogen peroxide, H„0.„ is a very useful antiseptic and dis¬ 
infectant. In the presence of wounds and septic conditions it 
is decomposed into water and nascent oxygen, and has the great 
advantage of being odourless, non-poisorious, and almost free 
from irritant action. Other advantages of hydrogen peroxide 
are that it does net precipitate protein, and leaves only water 
when it has exerted all its antiseptic action. 

A 30 per cent, neutral solution of hydrogen peroxide is known 
as Perhydroi. The peroxides of the alkaline-earth metals may 
be-regarded as derivatives of hydrogen peroxide, and Magnesium- 
Perhydroi pr Biogen (a mixture of MgO and MgO„) and Zinc- 
Pcrhydrol or Ektogen (a mixture of ZnO and ZnO,) are used as 
antiseptic'-; the former is for internal and the latter for external 
use. 

* Another compound of this type which may he regarded, 
as a derivative of hydrogen peroxide is sodium perborate, 
NaB0 a ,4H„0, k own as Pcrborax. 

Various organ ic derivatives of hydrogen peroxide have been 
prepared, but as they owe their antiseptic properties solely to 
the liberated o v ygen, they have not been considered in the 
chapters devc.ucl to the true organic antiseptics. An examplo 
of this type Is benzoyl-acetyl hydrogen peroxide - 1 ° 

VI If CO '■ 

C..IL . CO-O—O-CO . CH, or "" '' No = 0 

" - ch 3 .co/ 

known as "Abetozorie., 
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i * 

For a simitar reason, various metallic salts of organic acids 
are also included in this chapter, rather than in that on the 
organic antiseptics, as their action depends on the metal and 
not on the organic acid radicle. 

Derivatives of Mercury. — Sjmmy compounds are used vey 
considerably as antiseptics, and also in the treatment of syphilis. 
The part played by antiseptics in the specific treatment of 
protozoal diseases was discussed in Chapter XI., and in this 
sectie^j a description is given of the various preparations of 
mercury, and the faison d’etre of their existence. 

As antiseptics, merciny salts stiller fitmi the drawback*that 
metallic instruments cannot be immersed in them, am/for the 
treatment of syphilis, their corrosive, irritant and toxic nature 
is a serious disadvantage. For this reason, many efforts harts 
been made to prepare soluble mercury salts which can be injected 
without giving rise to the bad effects of the simple soluble salts, 
such as the chloride. In another direction, attempt:* have been 
made to obtain soluble mercuric salts in which the electro¬ 
negative character of the mercury is maske^l, so that solutions 
may he used for the sterilization of metallic instruments without, 
the former being reduced with liberation of yietallic mercury.* 
Another drawback of mercuric chloride is the fact that it is not 
very soluble, and only dissolves slowly. • 

A method of administering mercury which has found a good 
deal of favour is by intramuscular injections of calomel (mercur¬ 
ous chloride, IIg.,(;l„), and of metallic mercury. Fof example, 

“ Lambkin's Cream'' (No. 1) consists of an emulsion of i 
grams calomel and 20 grams “ creocamph ” made up to 100 fc.e.« 
with palmitiue oiycarlioiized liquid paraltin. The “ cifoeamph ” 
is a mixture of equal parts creosote and cam^oi'ic acid, and is 
used to minimize pain at the site of the iuje-ctipn. Titis cream 
(No. 1) is followed by No. 2 which resembles it except that the 
5 grams of calomel are replaced by 10 grams c( free mercury. 

A stronger mediuifi is “Grey Oil." which coi*'.iins 40 grams 
qf metallic mercury, 20 grams of lanoline, and GO grams of 
vaseline, this being 40grams of mercury to 100 c.c. compared 
with 20 grams to 100 c.c. in the case of Lambkin’s Cream, 
*N°. 2. h 

Sometimes the older method of using mercurial ointment (the 



192 SYNTHETIC DRUGS 

r i ' 

ol^ate or the free metal) is preferred, in spite of the indefinite 
amount of mercury that is absorbed through the skin, as com¬ 
pared with the exact amount administered by intra-muscular 
injection. Colloidal metallic morcury 1 has been tried as an 
injection medium, and various phenolic derivatives of mercury 
nave been prepared, 2 such as the mercury salts 01 phenol, 
naphthol, resorcinol, and tribromophenol, but these latter do 
not appear to bo suitable for injection. The dimethyl, diethyl, 
and diphenyl derivatives of mercury are too dangerously toxic 
to be of any therapeutic value. Most satisfactory results 
seen! to have been obtained with mercury derivatives of acid- 
amides,'and amino-acids. Mercury derivatives of formamide, 
(H . CO . NH—).,Hg, and of succinimide as well as those 


of asparagine, [NH„.GO—CI^NIIj). COOjJIg, and alanine, 
[CH a —CIi(NH,)—COOj.Hg, have been prepared. Of these, 
mercury succinimide has been used in medicine under the name 
of Ilydrartjol. 

Good results are said to have been obtained with secondary 


mercury salicylate, C„H 4 


/ 

\ 


co-o 


^>Hg, a substance from which 


X0/ 

the mercury cannot be precipitated with H.,S. Although this 
pompouud is itself insoluble in water, it yields soluble double 
sa^ts with the alkali chlorides. Mercurous tartrate, prepared 
by Lustg^rton, is decomposed by the intestinal alkali, with 
liberation of finely divided mercury. 

Of the .various injection media that have been tried, the 
best results, so lar, appear to have been obtained w,ith various 
protein preparations. Some of these, obtained from glue, are 
soluble in watf jP in any quantity, and ar;> not precipitated by 
protein, nor feted on by alkalies with liberation of mercury (c/. 
S’lver). 

The mercurv salt of para-phonol-sulphonic acid, known as 


1 Lottermoser, Journ. yraht. Chcvi. t f" (1898), 484. 
a D. R. P., 48,639. 



* » 

INORGANIC ANTISEPTICS AND METALLIC COMPOUNDS ig 

Ilydrargyrol, j H0< ( / ’SO.,—0—). 2 Hg, is said not to precipi 
tate proteins, and not to attack metallic instruments. A doubli 
salt of this substance and ammonium tartrate is more stable 
C 12 H w 6 8 S.,Hg, 4[C,H J 0„(NH, l ).,i+ 8H..O, 1 and has been intro 
duced into practice under the name of Asterol. It is soluble i; 
water, giving a clear neutral solution, from which H.,S doet 
not precipitate IlgS. It is stated that aqueous solutions o 
asterol do not precipitate albumen, 2 and though the bactoricida 
actions only about half that of mercuric chloride, the solution? 
have the advantage of not losing stny of their power in protein 
fluids, and of penetrating further into Ihft tissues than solutions 
of sublimate. Asterol does not cauterize wound surfaces, and 
does not injure metallic instruments, and on account of these 
numerous advantages it is recommended for general surgical 
use. 

Thymetjol is a substance of a similar type to Hydranjyrol, and 
is the mercury potassium salt of thymol p-sulphonie itc-id. 

Similar preparations have been obtained by the action of 
mercuric oxide on alkaline solutions of phen-jl-dtsnlphonic acid 
in molecular proportions. 3 They are termed Ile.rnmphe.nyl , and 
are soluble in live parts water. Potassium mercury Jiyposul- 
phito is also said to he non-irritant and easily soluble. 4 

Hydro,njotin is mercury tannate, and Tori/none is sodiflm 
w-acelylaniinoinorcuribenzoate, 

HO—Hg—C, ; H.,(NH . CO . CH.,)(COONa). 

Soluble mercury preparations which do not attach metallic 
objects have long been used in this country in the form .of 
•potassium mercury iodide, to which alkaline cariiomit^has been 
added. Similar Compounds have; been introduced in Germany 
by adding mercuric cyanide, cyanate, or p-pheffol-sulphpnate to 
alkaline carbonates. 5 * • 

Silver. —Silver nitrate, besides its well-known caustic action, 
possesses strong bactericidal properties, but as T- is precipitated 
both by proteins and by chlorides, its use is confined to the 
sflrface of the Ifbdy. It would bo desirablo to obtain a con^. 
pouRd of silver which, *while retaining its bactericidal proper- 

* 1 D. K. P., 167,663. = Steinmann, Her. Min. W„ U (1830). 229. 

:i Ijumiere and Chevotici', O. it., 132 (1901), 14? i. ■ • 

•Dresor, A. a. P. I’., 32 (1893), 450. S D. R*I\ 104,904, 121,656, 
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ties, should be free from the caustic action of silVer nitrate, and 
not bo precipitated by chlorides or proteins. Brief mention 
need only be made of colloidal silver chloride and colloidal 
silver solutions, which were at one time in great vogue for dis¬ 
infection of the tissues by intravenous injection. Such methods 
are useless, as the damage done to the tissues is greater than to 
the bacteria, and treatment of this kind is only justifiable for 
local infectious (cf. following chapter). 

These colloidal solutions, as also solutions of silver pho .phato 
-in ethylene-diamine, fulfil most of the chemical requirements 
outlined above, but they suffer from various drawbacks which 
have prevented their general application. The compound of 

(HL—NTL 

silver nitrate and ethylene-diamine, | , however, is 

Cil., —NIL 

used as a substitute for silver nitrate under the name Anjc.n- 
tamin. 

As in the case of mercury, better results have been obtained with 
protein compounds. A njnnin is a compound of silver and casein, 
but is difficultly soluble in water and sensitive to light. Pro- 
*’iarij<& is a compound of this type which has a higher percentage 
of silver, is free from caustic effects, does not precipitate chlorides, 
and has the bactericidal effects of silver. To prepare it, a peptone 
solution is precipitated with silver nitrate solution or shaken with 
moist silver oxide, and the insoluble compound thus obtained, 
digested with protalbumose. Soluble protargol is formed in this 
way, and is separated from the solution by evaporation in vacuo. 
Sknilar compounds can he obtained from plant globulins, and 
the corresponding compounds have also been obtained from 5 
mercury, iron, copper, lead, zinc, and bismuth. 1 Other silver 
albumimcbmpottnds have been obtained from gelatoses (hydro¬ 
lytic products from glue). 2 Alban/it i, a powder rez-dily soluble 
in water and of neutral reaction, is a substance of this type. It 
is recommendnl in various septic conditions as a non-irritant 
antiseptic. 

Protosil is another silver protein compound, very soluble in 
yater, and'ismot precipitated by chlorides or by protein. It 
contains about 20 per cent, of silver. • 

<J d> I- 

>P. R. P„ 118,353, 118,496. '/bid., 141,967, 146,792, 146,793, 
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Nargol is “a silver nueleinate, soluble in warm water, Und 
contains about 10 per cent, of silver. 

Zinc.— Many salts of zinc possess astringent and antiseptic 
properties. A soluble zinc salt, recommended for various dif- ' 
ferent complaints as a non-irnitant antiseptic, is Nizin ,’ a -/Me 
salt of sulphanilic acid, (Nil*—C, ; Ii,—S0 3 ) 2 Zn, UFO. 

Zinc perhydrol combines the antiseptic properties of hydrogen 
peroxide with the astringent properties of zinc, and has already , 
beei^tnentioned (p. 190). 

Aluminium. —The astringent properties of ordinary align ar® 
well known. The aluminium salt of*/J na])hthol-disulphonic 
acid, |C ]fl I[ ,OU(SO. ! ) 2 ].jAL, is an example of the various organic 
aluminium salts that have been prepared. It is known as 
Alumnol and is recommended as a mild antiseptic, etc. 

Iron. —Ferric salts resemble those of aluminium in many of 
their properties, and they are used as astringents and styptics. 
For use as a styptic, a double compound of ferric Chloride and 
autipyrino has been introduced under the name of Feytpyrin, 
hut it has no advantages compared with ferric chloride itself. 

The chief therapeutic use of iron is, however, in aiuemia am? 
chlorosis. For this purpose, the ferrous salis are usually pre¬ 
ferred, as they do not have so great a caustic action as the ferric, 
and hence do not disturb the stomach so much. The unpleasant 
by-effects of iron on the teeth and stomach have ^d to many 
attempts at obtaining compounds which should bo free from 
these disadvantages. * 

By the reduction of haemoglobin, Robo t obtained a substance, 
luemol, which contains the iron in the same form as haomogloliiu’ 
and Bunge obtained from egg-yolk a substance from which the 
iron could not be precipitated by ammoniuttf sulphide. 3 This 
substance was termed hmmalojeM fty Bunge, iJful a similar sub¬ 
stance hasTbeen isolated from the liver. 1 A synthetic *llnmi mate 
of iron was obtained by Schmiedeberg, 5 but-yds differs from 
Bunge’s hocmatogen fn certain respects. Various other albumin¬ 
ates of ir<?n have been prepared, and many of these, as well a,s 
sot#e of the foregoing«substances, have been pliwjpd upon the 

1 Apoi)u‘.i;er Zeitunij (1908), 2! 5. 

a D. K. P., 74,2(»; Her. Vlin. IP, 46 (1992). 

3 Zcei. vhyrial. Ghem ., 9 (1884), 49. • 

* lbi$., 10 (1880), 453. 5 A. e. /■„ 33 (1894)^101. 
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market (Hamol, Ilezviatogen, etc.). Nono of these'organic com¬ 
pounds are any more powerful agents in the treatment of anaemia 
than the simple inorganic salts, their advantage being simply 
that they are. less irritant to the ^astro-intestinal tract. 

-Recently, iron has been used v<ith success in the treatment of 
syphilis (</. “Arsenic Compounds,” Chapter XIV.). The sub¬ 
stance which has been found most useful in this respect is ferric 
sulphanilate, Fe(SO,,( ^>N1L).,, known as Ferrivine.' It is 
a stable substance readily soluble in water. 

Compounds of arsenic and antimony, as well as certain 
bismuth preparations, are dealt with elsewhere. (Chapter XIV., 
and pp. 128, 178). 


McDodagh, Lancet (1016), 230. 
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ARSENIC ANI) ANTIMONY COMPOUNDS. 

Introduction. —Arsenious oxi<?e and the salts derived fjom it 
have for many years been used as tonic* and in the treatment of 
anaemia, while the irritant properties of antimony have fong been 
made use of in potassium antimonyl-tajtrate (tartar emetic). In 
this chapter, however, it is proposed to deal mainly with a 
modern development of the therapeutics of arsenic and anti¬ 
mony, namely, with their use in the treatment of diseases of 
protozoal origin, such as trypanosomiasis (sleepitfg sickness), 
syphilis, etc. This subject offers a very good example of the 
application of Ehrlich’s views on chem’^o-therajiy and the 
action of chemical specifics to which reference has already beeff 
made in Chapter XI. (pp. 170-1711). » . 

For the treatment of these diseases, the organic derivatives of 
arsenic, especially those containing an aromatic nucleus, fiave 
proved the most useful. In the case of antimony, its close 
resemblance to arsenic indicates the probability of its useful 
application in the same way, but up to the present, antimony 
compounds analogous to the most successful arsenic compounds 
have not been used. * 

Within recent years it has been shown that the “ sleeping 
sickness ” of tropical Africa is caused by a protozoal parasite, 
the Trypanosoma tjanibiense, and tfiis disease &as found to rei\ct 
to various specifics, such as arsenic, although unfortunately 
their clinical use inis not been completely successful. It was 
found that certain organic preparations, of wTiich atoxyl was 
one of the fir.lt to be extensively tried, appeared to lie mc^-e 
satisfactory than the* older inorganic preparations, such as 
Fowler’s solution (potassium arsenite). Nevertheless atoxyf is 
devoid of action on |he trypanosomes in vitro, it can only 
become specific for them when it undey'Oes some change in the 
' 197 ‘ * 
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body. Most of the atoxyl passes through the body unchanged, 
hut the small portion which becomes changed is apparently 
capable of destroying a large proportion of the parasites. Prob¬ 
ably the arsenic in this portion ir changed into some compound 
06 , an unknown nature, the same or a similar compound being 
also formed from part of the arsenic in inorganic preparations. 
Although tho active therapeutic agent is therefore probably the 
arsenic content, it is no doubt true that atoxyl possesses ad¬ 
vantages over inorganic preparations by virtue of its physical 
properties, such as solubility. It is possible, that it is able to 
penetrate into tissues which cannot be readily reached by in¬ 
organic arsenic. 

Organic arsenic preparations of this type have also been used 
for the treatment of syphilis, but atoxyl does not appear to he 
so useful as mercury in this respect, although excellent results 
have been obtained with some of tho newer preparations such 
as Salvarsah and its derivatives, especially when used in con¬ 
junction with mercury. 

Antimony possesses somewhat similar pharmacological pro¬ 
perties to arsenic, and on investigation antimony 1 was found 
to have an even stronger trypanocidal action than arsenic, but 
its inorganic preparations labour under the disadvantage of 
being strongly irritant, while organic preparations of antimony 
analogous ty atoxyl are difficult to prepare, and are not effective 
therapeutically. 

Bismuth', also has a powerful trypanocidal action, hut it 
appears to he too toxic to the host to bo of clinical value. All 
three metals, arsenic, antimony, and bismuth, appear to be fatal 
to trypanosomes in concentrations of one in two hundred thousand 
or even less, hut' Cushny has shown that a concentration of 
arsenic of one in'three thousand four hundred is necessary to 
( kill the ha unless non-parasitie protozoa, such as I’aravuecium 
and Culipidium, while still stronger solutions of antimony and 
bismuth, namely ,, ' 0 and .,‘ H respectively, were necessary to 
effect the same result. These substances therefore appear to 
be true specifics against the trypanosomes, in the same way 
as'quiniue is a Specific against the malaria organism. 

1 Cnshny, ltd cit. ; Pliipmor and Thomson, Vrtie. Hoy. Sue.., B 80 (l'J08), 
1477. 
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Some varisties of trypanosomes seem to be more sensitive 
to a givon drug than others, and it therefore is desirable to use 
as many different specifies as possible i.1 order that the parasites 
which resist one drug may be destroyed by another. It has 
also been established that the trypanosomes rapidly acquire 
a tolerance for these drugs, and therefore it is necessary to iftse 
large doses at the commencement of the treatment. 

Arsenic Compounds. —As was stated above, it seems highly 
provide that atoxyl— 

O' 

!i 

NaO—As—OTI 



NIL 


does not of itself exert a trypanocidal action, but Ahat it gives 
rise to other substances which have this specific property. This 
problem has been the subject of extended investigations by 
Ehrlich and others, 1 but the question still remains to be. delii^ 
itely settled. Atoxyl was first thought to Ire an anilide Si 
arsenic acid, C, ; 1L— NIL—AsO(OTI).,, but it was shown by 
Ehrlich and liertheim to be a sodium salt t >f para-amino- 
phenyl-aisonic acid, Nil.,— 0 , 11 , —As0(01I) a , an observation of 
very great importance, as it opened up the way for*the pfepara- 
tion of a series of different compounds, by which lyeans it was 
hoped to obtain compounds of a lower toxicity to the host • 
(slightly organotropic) and a higher toxicity to the parnsitfjp 
(highly parasitcjtropic). For example, the amino-g»oup may be 
acetylated, benzoylated, etc., or replaced by halogen, hydroxyl, or 
other groups by means of the diaco reaction, whilst Aiy starting 
with suljfetituted amines instead of aniline, derivatives can*be 
prepared containing groups of the types — NHK and — NBf, 
instead of Nil.,. (?f the derivatives thus obtained, some are 
and sonft; 60 #r 70 times as toxic as atoxyl. The entrance of a 
sylphonic acid grouj^ in the molecule yielded a suhstance#Wur 
toxicity of which is of the same order as sodiu*ti chloride, h^it it 

1 A general account Aias been given by Ehrlich, Bur., ^2 # (1'JW)), 17-47. 
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is also quite inert towards the parasites. 1 This is'in accordance 
with the general physiological inertia of the sulphonic acids 
The acetyl derivative— 

* .OH 

CH., . CO . Nil—C u H 4 —AsO( 

\ONa 

which is known as arsacetin, has certain marked advantages 
compared with atoxyl, being more stable and less toxic to some 
animals, while equally toxic to the parasites. Other acid groups 
Jiave no advantage over acetyl, and with increasing length ol 
the side chain the toxicii'y becomes far greater. 

In oraer to make a decided advance, it is necessary to gain 
some idea of how atoxyl and its derivatives act in the animal 
body, as it would obviously be an advantage to use a substance 
as nearly as possible identical with the product of the meta¬ 
bolism of the body. It is found that arsenious oxide, certain 
triphunylmefchane dyes, etc., can kill parasites in blood serum 
in vitro , but that atoxyl and its derivatives do not, though in 
the body they exert a trypanocidal effect in very high dilutions, 
'ouch as !.. 0 ’i>o o• This difference between action in vitro and 
in tiro may be explained by various different hypotheses, such 

IIS— 

(I; Atoxyl may be decomposed in the body into aniline and 
arsenic acid, the effect on the parasites being due to the in¬ 
organic arsenic. 

(2) According to Uhlenhuth and Woithe, atoxyl and com¬ 
pounds of a similar type may stimulate the cells to the pro¬ 
duction of derivatives (amboceptors) which kill the parasites. 

(II) The body may produce new products of a synthetic type 
leading to the production of more active compounds. 

The-lira* of tlrt.se hypotheses is the simplest, and is in 
accordance-with many of the observed facts, but its probability 
is weakened by the fact that no arsenic acid is excreted, and 
preparations have been obtained which are from ten to twenty 
times as active as inorganic arsenic. We have ;',o knowledge 
uf any actual facts in support of the seoond theory, and with 
regard to the llhrd, it seems probable that some new highly 
active compounds are produced, hut Ehrlich, considers that such 
1 See,"Iso Ehrlich, loo. cit. 
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products of metabolism are simpler than the original compounds, 
and are not very complex synthetic bodies. 

Some significant facts have been brought to light which 
seem to indicate something of»the nature of these metabolic 
changes.. For example, there seems to bo a close connection 
between the therapeutic efficiency of atoxyl and the resistance 
offered to it by the organism. Thus, a mouse which can readily 
tolerate is no better influenced therapeutically by thin dose 
than is an average mouse which can only stand Sl ‘ 0 by that 
dose. One which was very sensitive, and was poisoned by,^^,, 
showed a very marked trypanocidal effect. This seems to in¬ 
dicate lhat the organism changes atoxyl into a more toxic 
substance, which also acts very strongly on the parasites. A 
change of this kind seems probably to be connected with the 
reduction of the arsenic from the pentavalent to the trivaient 
state. 

Atoxyl, on reduction, gives p-aminophenyl-arsen'fous oxide, 
NH.,<^ ^>AsO, and with stronger reducing agents <p-dijuuino- 

arsenobenzene, NH ; y_^As - As<^_/Nil*. The reduction 

products of this type are generally more toxic and more active 
against trypanosomes than the corresponding*derivatives con¬ 
taining pentavalent arsenic. The following table shows 
dilutions at which one cubic centimetre will kill a mouse weigh¬ 
ing tw’onty grams:— 


Group iu para position to 
Arsenic. 


-mi., 

~OH“ 

-Nil—CH.—COOH 


Form iu which Arsenic is Present. 


It-AsO 


/ 


Oil 




ON;i 


1 : 200 
1 : 75 
1 :20 


in 

It -As = O 

* 


15,000 

13,000 

1,000 


As—ft 


{•: 6,000 
1 : 1,000 
1 : 70 


These reduction products show a very marked trypanoci¬ 
dal action, even in vitro . p-Hydroxy-phenyl-a^ehious oxidg, 
11 Q< ^ ) >As — O, is the strongest, and in a dilution of one in ten 
million kills#trypanosofnes in one hour. \Wien it isWalized that 
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atoxyl does not kill trypanosomes even in five per-cent, solution, 
and that the hydroxy compound, HO<^ ^AsO(OH)(ONa), 
does not do so in one or two per cent, solutions, it will he seen 
what an enormous change is produced by reduction. This is an 
example ot the increased toxicity of unsaturated compounds (c.ij. 
carbon monoxide, hydrocyanic acid, acrolein, etc., rf. Chapter 
II.). The increased trypanocidal action in nUro is accompanied 
by an increased action in vim. One cubic centimetre of a one 
in forty thousand solution of p-hydroxyphouyl-arsenious' , oxido 
caused the parasites to vanish from the blood of a mouse and for 
it to remain free for seven days. Tn the other members of the 
series, action in vivo is parallel to action in vitro, and therefore it 
indicates that the action of the derivatives of phenyl-arsinic acid 
is due to a reduction process, and indeed most of the evidence 
from all sides points to the probability of the trypanocidal action 
of arsenic and antimony being dependent on the presence of these 
elements ill the trivalont state. 

Sonic of these trivalent aromatic arsenic compounds are 
now extensively ysed in therapeutics. These are of the type 
R—As - As—11, rather than of the type H—As =® 0, and arc 
distinguished byrtheir comparatively low toxicity. The reduction 
product of atoxyl itself, Nil,,) J)As = As<' J>NJT.„ has very 
high trypanocidal powers, but the compounds that have had 
the , greak.it success are dihydroxy-diamino-arsenobenzene, 
H0\ _)>As = As\ _/01I, and its derivatives, and the reduc- 
NU, 

lion product from phcnylglycinc-arsenic acid 


1 (HO).,AsO . C, 1 iI. l --NH CH,. (.10011, 


namely, 


HOOC—Crij-t-NII—i)As = A< >NH . Oil,—COOH. 
These compounds will he discussed in the next section. 

The aliphatic arsenic compounds are, at the present day, of 
no very great *iherapeutie importance, Cacodyl— 


CH, 


'AAs—As 


ch 3 

/ » 


CH,- 


\ 


CII, 


s poisonAus, hut the very soluble cacodylic acid, (Cll 3 ), = 
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is comparatively harmless and inert. By reason of 


their excessive stability, its salts do not show a strong enough 
arsenical effect, and therefore do not lind any therapeutic appli¬ 
cation. 'file same applies to “ new "-cacodyl (Arrhmnl), whiclf 
is monomethyl-arsjnic acid, CH S —AsO(OJl),,, all these ali¬ 
phatic compounds having been practically superseded by the 
aromfctic. 

An account of most of these aliphatic arsenic compounds, 
and of the earlier aromatic ones, is give*} by Martindale fn a 1 
paper communicated to the International Congress of Applied 
Chemistry, London, 190!). Section VIII. B, p. 28. 

Guaiacol cacodylate, (CII.,).,AsO . O ‘ C i; II 4 . OCII 8 , H„0, is 
known as Cacodyliacnl (p. 107). 

Aromatic Arsenic Compounds. - Atoxyl was the first aro¬ 
matic arsenic compound to attain an extended us<j in thera¬ 
peutics, and it is still the best known. By heating aniline 
arsenate, Bechamp 1 in 1800 obtained a substance winch he 
took to he the anilide of arsenic acid, C, ; II., -—NIL- AsO(OH).,, 
and described the sodium, potassium, barium, and silver salts,* 
A sodium derivative of this substance was introduced info thera¬ 
peutics under the name of atoxyl , and its comet empirital 
formula was established by Fourneau,- who attributed to it the 
,OTI 

structure CJB,— Nil—As .-= () . it is, however, neutral 

\)Na 

’substance, and the sodium-free product obtained fr<jm it was 
found to be acid, and to be identical with the product obtained by 
Bechamp. ;1 It seemed unlikely that yds compand, C r ,H 8 0. 1 NAs;, 
was reallynn anilide, and Khrlich and Bertheim were able ti> 
show conclusively that it was para-amino-phenyl-arsinic acid, 
having the structure, » 

,011 

N11..< >As = O. 


1 Bechamp, C. R .%56 (1803), 1173. 

a Foufneau, Journ. Vharm. Chivi G Series, 25 Q007),332. 
a KhrVdi and Bertheim. Her.. 40 (-1307^ 32‘J2. g 
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' The touowing were the chief reasons in support of this 
view :— 

(1) Atoxyl cannot be hydrolyzed into arsenic acid and 

aniline by any of the ordmary agents used to hydrolyze 
ranilides. 1 

(2) It contains a primary amino group, which is easily 
diazotized and coupled with phenols and ailiines. It is readily 
acetylated, yielding a stable acetyl derivative. 

(3) Atoxyl corresponds itj its properties with the arylarsonic 
aci^ls of the type previously described by Michaelis and lteese. 

(4) Hydriodic acid reacts with atoxyl, replacing the arsenic 
group by iodine with formation of para-iodo-auiline, Nil y ^1, 
.thus proving that the arsenic and the amino group are in the 
para position to each other. 

Atoxyl is prepared by heating arsenic acid with an excess of 
aniline at I80 J -1'J0", or by heating aniline with aniline arsenate. 
The sodium salt is then obtained by extracting with sodium car¬ 
bonate and recrystalli/.ing. The acid is often known as arsanilic 
acid, and its sodrurn salt as sodium arsanilate, by analogy to 
i sulphanilio acid, NH,<^ yS0 2 —OIL 

These terms, on account of their convoniunce, will hereafter 
bit used to dniote these compounds. 

The sodium salt of this acid contains water of crystallization, 
the 'amouVit varying somewhat in the different commercial 
products. “ Soamin" is the name given to a pure product of 
spdium arsanilate crystallized with five molecules of water. 
Other commercial products of this salt arc known as Arsamin, 
Atoxyl, etc. These are used for the treatment of sleeping 
sickness, syphilis, and other diseases of protozoal origin, hut 
unless they arj used with caution, unpleasant and even 
■dangerous by-effects, of which blindness is one olh the worst, 
may arise. 

• /OH 

The acetyl derivative, OIL,. CO-NH< >As - OJ 511,0, , : s 
" ‘ . X 'ONa 

slid to be less'toxic to many animals than atoxyl itself, and ha^ 
the advantage of being more stable, so f that its solutions can 
be sterilized lx' boiling. It is known as Arsacetin or Acetyl- 
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aloxyl , and the»aoid is readily prepared by the action of acetic 
anhydride on arsanilic acid. Arsacetin is then obtained by 
neutralizing with soda. • 

Ortho-toluidine yields derivatives exactly analogous to those 
obtained from aniline. For example, 2-amino-tolyl-O arsinic 
acid— ' ■ * 


NIL, 


HO—As—Oil 


O 


is obtained by heating o-toluidine arsenate with twice its weight 
of o-toluidine at 180"-185”. The sodiuifi salt is then obtained 
by treatment with sodium carbonate. 1 

The free acid can be acetylated, and the acetyl-compound 

/Oil , 

yields a sodium salt, OIL,—CO— NHc‘ ~\AsO\ analogous 

On., X ONa t 

to arsacetin, and known by the trade name cf “ Orsudtin It 
is soluble in two and a half parts of water at body temperature,# 
and resembles arsacetin in its action, being used in tRe same 
way for protozoal diseases. 

7L(s-2-amino-tolyl-5 arsinic acid— 

OIL 

OH. | CIJj 
< .>N1L 

!| 

O 


is obtained as a by-product of tluj action Sf o-toluylme on 
o-toluidine Arsenate, and it also yields the corresponding sym-» 
metrical diacetyl derivative by treatment with acetic anhydride. 2 f 
In the same way, i>is-p*-aminophenyl-arsinie acid ig obtained as a 
l)v-produc(,in the preparation of arsanilic acid, and this com¬ 
pound also yields a diacetyl derivative. By the preparation 
the following compound's :— 

Avellcomo and Pyman, English raienr (rjutp, ho5. 

2 IJyman and Sftynolds, J. G. S., 93 (HJ08), 1 P-0.* » 
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NTT., ' 

' AOH, 

XsO(OH)., 

2-amino-tolyl-5 arsinic 
acid. 


NH, 


/ AsO(°H ) 3 
1 -amino-naphthaleno- 
4 aVsinic acid. 


NH., 



AsO(OI1) 2 

3-amino-tolyl-G 
arsinic acid. 


NH, 



AsO(on), 

!-4-dimethyl-2.amino- 
pheny]-5 atomic acid. 


Nil., 



AsO(OIi), 

! -diloro-2.amino-phenyl- 
5 arsinic acid. 


onda'and Kahn 1 showed that the reaction of arsenic acid with 
aromatic aminos is a general one, if the para position to the 
amino group is free. They also noticed the formation of arsinic 


icids of the type 


NH.,—R. ,0 

Asjf , as well as those of tho 
NIL—R 7 OH 


ypo NH,,—R—AsO(OH).., but this had not been noticed by 
iecharnp or by r).. and R. Adler, who had just previously pre- 
iared 2-amino-tolyl-5 arsinic acid and l-amino-naphthalone-4 
irsinic acid. 3 

By acetylation and subsequent oxidation of the former they 
ibtaincd aeetyl-anthranil-arsinic acid, which by hydrolysis yields 
,nthranil-a':sinic acid, which was then converted into salieyl- 
,rsinic acid by the diazo reaction. 


Nil 

NH . CO . OIL, 

NH . CO . CH, 

< Ach 3 

-> fl*. 

- Acoon 

1 

\/« 

, u 

AsO(OII), AsO(OH)., 

AsO(OII)., 


,krr. 

Oil 

« 

Action -> 

ACOOH 


\) 

\/ 


t AsO(OFI), 

< AsO(OH), 


Anthranil-arsinic 

Salicyl-arspiic 


acid. 

‘ acid. 


Para-hydrojry-phenyl arsinic acid, H\J^ ^)AsO(OlI),,, is ob- 


1 Benda and ICahu, />Vr., 41 (190S), 1072. 
1 1 J A. and«B. Adlor, Ber., 41 (lOOifj, 031. 
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tainod from arsyanilic acid by the diazo reaction, 1 and it has also 
been obtained by the action of phenol on arsenic acid at 150'', and 
the homologues of this acid may be obtainfcd in a similar manner 
from ortlio or meta cresol, or by the diazotization of the corre¬ 
sponding amino-acids.- As obtained from phenol it is a syrup, 
and it cari be purified by reorystallization of its sodium suit.*® 
Para-hydroxy-phenyl arsinio acid is not used therapeutically, but 
is the starting-point for the production of some very important 
derivatives. 

The arsinio acids of the type —AsO(OH) 2 and f 

RHN'y_ y —AbO(OH) 2 do not appear to'havo found any thera¬ 

peutic application. Para-dimethyl-amino-phenyl arsinio acid, 
(GIIj)jN . C tl H 4 . AsO(OII),, is obtained Igy the action of arsinio 
trichloride on dimethylaniline, whereby (Cll ;i ) L ,N . O fi TI 4 . AsGL 
is formed, which is hydrolyzed, yielding the acid (GH.,) 2 N . C 6 H 4 - 
—As(OII) 4 , which gives the arsinic acid by oxidation with 
hydrogen peroxide. 1 It is also formed by the action Jf dimethyl 
sulphate on an alkaline solution of arsanilic acid. , 

An important derivative of arsanilic acid^is phenylglycine- 
para arsinic acid, which is obtained by mixing solutions oM 
sodium arsanilate with chloroacetic iacid in h.*t aqueous solu¬ 


tion— 

1I() N 

NaO 


/ 


As—/ 


II 


N— |.H + Cl;—Oil.. —GOON a 


O 


i iu . 

>AsO-' NU-^Dll.. COOUa + IIC1. 
NaCK 

-jf 

This substance is of importance, or in- to tin* fact ti*at its re¬ 
duction product containing the arsenic in the trivalent^condition 
is of great therapeutic value. This and other derivatives con-* 
taining trivalent arsdnic will be considered in*the following 
i^pction. » „ 


'•Harrowciiff, Pymau, aiml Itemfry, J. C. <S., 93 (1908), 18p3; Bortheim, 
Ber., 41 (1008),‘1853. * 

• 2 D. It. Ur, 205,016. 2 E- I’., 0322 (1010). 

2 Michaoli-s, Ber., « (<<J08), 1511 ; D. U. 1’., 200,605. 

5 Ibid., 2(^,664. ’ 
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, The benzene-sulphonyl derivative of atoxyl, 

^ONa 

cyr, ,'sOo. nii<^J> As = °. 

< ^OII 

Is known as “ Undine," and lias been successfully usbd in the 
local treatment of syphilis. 1 

A compound of arsanilic acid with allyl-thiourea (</. p. 239) 
has been prepared, and is said to have valuable therapeutic 
properties and low toxicity." • 

' The arsinic acids a,nd their derivatives described in the pre¬ 
ceding,-rages are mostly prepared by the action of arsenic acid 
on a primary amine or a phenol, and this is the simplest method 
in those cases where it in applicable. A more general method of 
preparing arsinic acids has, however, been devised by Bart. 3 It 
consists in diazotizing a primary amine, and treating the diazo 
solution with a metallic arsenite, and warming the product 
whereby nitrogen is evolved and the salt of the arsinic acid 
formed. 

K . NIL, r-> R . N,X 

R. N,X + As(OM)., = R . N a AsO(OM) s + MX 
*R . N 2 A'sO(OM) 2 -> R . AsO(OM), + N.j. 

By a suitable choice of the radicle represented by R, practically 
any aromatic arsinic acid can be prepared. 

Al.other widely applicable method of attaching arsenic to the 
aromatic jiuclcus is through the mercury compounds. 4 
, Mercuric chloride readily reacts with many aromatic com- 
, pounds, giving para-substituted mercury compounds :— 

' R <Z> + Hg01 a - R<C_>HgGl -> HC1. 

On treatment with arsenic trichloride, the mercury is replaced 
by arsenic “ 

V KOnsCI + AsCl, - HgCl, + R^7_> AsC, r 

The dichlorarynes so obtained are easily Converted into arsinic 
acids by hydrolysis and oxidation. ( * 

, Trivalent Arsenic Compounds (Derivatives of Arseno- 
bfinzene).— The therapeutically valuable trivalent aromatic 

1 Lancet, 25 June, 1915. 2 D. R. P. t 294632. 

'•'Ibid., 25b,264* f - 4 Roeder and E-lasi, Ber., 4T (1914), 2748. 
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arsenic compounds are all of them obtained by* reduction ,of 
the corresponding compounds containing pentavalent arsenic. 
Reducing agents convert arsanilie a<!id 1 into para-amino- 

phenyl arscnious oxide, NH.rt(_^>AsO, or into diaminodi- 

hydroxy-ursonobenzene, NII„<^ ’^>As(OH)—As(OH)< ^ ) >N1R, 
or into para-diamino-arseno benzene, 

NH 2 QAs = As; >NI1,. 

Tlie first is produced by weak reducing agents such as hydri- 
odic acid, or sulphurous acid, the second by sodium amalgam 
and methy alcohol, and the third by stronger reducing agents, 
such as sodium hydrosulphite, etc. * 

Still stronger reducing agents, such as zinc and hydrochloric 
acid, reduce it to para-aminophenyl arsine, NH,* (" ^ Asli,. 


As--As 


Arsenophenol, 


is obtained by the reduction of 


Oil OH 


para-hydroxyphenyl arsinic acid with a solution ol' sodium hydro¬ 
sulphite, caustic soda, and magnesium chloride.- The sodium, 
derivative of this substance is soluble in water, from solutions in 
which it is precipitated by alcohol. Phenylglycinp arsinic a$id 
when reduced in this way gives arseno-phenylglyeiue— 


As As 



TIOOC . OIL—Nil Nil. Oil,. COOI1 

a reddish-brown powder, soluble in aqueous sodium carbonate. 3 

Very favourable results are said to have bqpn obtained with 
this substance in the treatment of trypanosomiasis in Vats, butj 
it is not so well tolerated by larger animals, such as the horse.* 
or the donkey. 1 Favourable results are also said to have’ 
attended its use in syphilis, and it is claimed tli.lt in all cast ' 
i( is free from tbe danger of harmful effects on the eyes. 

In recent years another derivative of arsenobeqzeno intrf 
. ■» j 

• 1 M. L. BrfBnglish Patent, 17,Gill of 1*107; I), ft. P., 200,067. 

Ibi(L/Z06Abe>. ^ 3 Ibid., 906,057. 

* Broinl aitl Nieren.stein, Zcilschr.f. ImviunitMs/orf<ch (11)09), 161). 



210 


SYNTHETIC DRUGS 


dyced by Ehrlich has been widely and successfully used in the 
treatment of syphilis. 

This preparation is dihydroxy-diamino-arsenobenzene— 


Asr As 


HjN 1 


'NH., 
OH OH 


better known as “ 606 ” or Salvarsan. It is prepared (from 
p-hydroxy-phenyl uremic acid, HOy J)AsO(OII).,, which on 
treatment with nitric paid sulphuric acids yields a mono-nitro 
compound, the nitro group entering into the ortho position to 
the hydroxyl and meta to the arsiuic group. This compound, 
on reduction with caftstic soda, sodium hydrosulphite, and 
magnesium chloride, gives dihydroxy-diamino-arsenobenzeng— 1 


NO,, 


IIO< _J>AsO(OTI), -> n0O As °(° H ) a 


As As 


From two 

molecules of 
nitro compound. 


ii„ nQ 0 nil ' 

" HO HO 


An alternative method of preparing 3-nitro-4-hydroxyphenyl 
arsinic acid starts from p-dimethylaminophonyl arsinic acid, 
prepared a*described on p. 207. This on nitration gives 3-nitro- 
4-dimethylaminophenyl arsinic acid, which on treatment with 
alkali giv&s 3-nitro-4-hy<lroxyphenyl arsinic acid.- 

AsO,H„ 


AsOJl,, 


A-OJ1. 


;no„ V no - 

. /• .N(CII 3 ) 2 OH 

In addition to the method already given, this can beVedueed to 
‘dihydroxy-diamino-arsenobenzene by treating it with zinc and 
acetic acid ah 25°-30' J , and then with hydrochloric acid and 
sulphurous acid at GO’-GO". The addition of they sulphurous aci(l 
'appears to prevent the reduction from goipg beyond the “ arsono ” 
stage. 3 *’ '•, 


1 I) 1{ P„ 224,958. 2 E. t T> „ 22,521 (1914,. 

" » mi, 21,421 (1914). 
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Dihydroxy'-diamino-arsenobenzene is obtainable: as the hydro¬ 
chloride under the trade names of Salvarsan, Kharsivan, and 
Arsenobenzul, but before use it is generally 1 transformed into the 
sodium salt by adding the corregt amount of caustic soda solution 
to its aqueous solution. Great fare has to be taken in making up 
these solutions, which do not keep well, so that they have to%e 
prepared immediately before use. They are administered either 
by intravenous or intramuscular injection. 

Splendid results have been obtained with this compound, 
especially when used in conjunction with mercury, though 
some of the more extravagant claim%, as for example, that 
syphilis could be cured by a single injection, have*hot been 
substantiated. 

Although its toxicity is low, it is by no means negligiljle, 
and fatal results have sometimes attended its use, but in the 
majority of cases these can bo attributed to faulty technique or 
to its use. in cases where the condition of the patientawas already 
very bad. Its action on spirochaetes in vitro is very weak, 
and it was therefore presumed that it underwent some change ' 
in the organism with the formation of in^-e active product** 
According to a recent investigation,'- these > changes < are vefy 
complex, a large number of different compounds being formed. 

To overcome the drawbacks due to the laborious technique 
of administering Salvarsan, a derivative soluble water was 
soon afterwards introduced. This substance is known als Neo- 
salvarsan, Ncokkarsivan, Novarseiiobenzol, etc., ajjd has the 
structure represented by the formula :— 


As As 



Oil 


QnII—CH.—SO.^ a 


It is prepared 0 ny adding an aqueous solution of foAnaiaenyi®: 
sulphoxylate to an aqueous solution of Salvarsai^. A precipitate 
is formed which redissolves in sodium carbonate solution to 
form a clear yellow solution of Ncosalvarsan. 


1 The li^fochloride itself, in aqueous solutions or oily suspensions,•has 
also beq^ffsed for injection. 

a Si<rf?urg, Zeit. plnjsi %!. Ghein., 97 (1916), 5? ,A S. 

»n Vt ’I 04S.7SI1. 
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.Not only docs Neosalvarsan possess the advantage of ready 
solubility in water and in saline solutions, giving neutral solu¬ 
tions, but it is also said to be better tolerated by patients than is 
Salvarsan itself. It is administered by intravenous or intra- 
muscular injection, and its therapeutic properties are similar to 
those of Salvarsan. 

Another derivative of Salvarsan which has recently attracted 
a good deal of favourable attention is Galyl, a substance having 
the composition shown by the formula :— * 

As . As 

QnII 0 NH 

on \!i/ on 

* u 

I 

OH 



It is prepared as follows : 3-nitro-4-hydroxyphenyl arsinic acid 
is elect roly tically reduced to 3-amino-I-hydroxyphenyl arsinic 
acid. 1 'This is then treated with phosphorus oxychloride in 
,»resenee of caustic? soda solution, and the product reduced with 
sodium hydrosul^hite.® 


AsO :l II, AsOjlL 

Qno., /Qnii, 

OH ‘ 7 011 

i 2 Mols + 1 FOCI, 


AsOjII, 


AsOJI., 


As 


As 


'NH Nil's 
OH \/ OH 
* FO(OII)' 


'Nil hflli, 
on \/ Oil 
FO(OII) 


t is used‘in the form of its sodium salt which is readily soluble 

i water, yielding solutions suitable for intravenous injection. 

ts solution in a dilute solution of glucose is also used, for intra- 
... * « 
oscular injection. 

(( Considerable„attention has been paid Vecently to,the metallic 
ampounds of Salvarsan. These are of the 11 addhg'e ” typo, • 

1 E* P.,\087 (l'Jim. 2 ifid., U234 (l‘J|J). 
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and are formed by virtue of the residual affinity of’the “ arsonq,” 
—As = As— group. 1 A compound of one molecule of Salvarsan 
with one molecule of cupric chloride is* said to be remarkably 
effective against sleeping sickncsj. The preparation is described 
of copper and of silver compounds, by mixing a solution of 
Salvarsan with a copper or a silver salt, and precipitating tffd 
mixture with a solution of caustic soda,'-' 

“Sodium Salvarsan ” is prepared by precipitating a solution 
of Salvarsan in caustic soda with alcohol, in the presence of a 
substance capable of stabilizing flic product. 11 It is said to be 
useful in the treatment of syphilis. 1 » * 

Various other metallic derivatives and their methods of 
preparation have since been described. 1 One of these is known 
as “ Limrijid," and is a compound of Salvarsan with silvfcr 
bromide and antimony. It appears to have the composition * 
(0 1 .,H,.,0 2 N.,As 2 ) 2 , AgBr, S1)0(I1,S0,),, and is said to be stable 
and to lie less toxic and more effective therapeutically than the 
parent substance. 7 

In addition to the derivatives of Salvarsan, various more 
complex derivatives of arsenobenzene have beftn prepared and in* 
vestigated. For example, 3-1-5-3'- i'-5'-hexamino-arscnobenzei* 
is said to be a powerful spirillocideri 

Resorcinol readily reacts with arsenic acid giving 2-^-di- 
hydroxyphenyl arsinio acid, from which a series of derivatives of 
arsenohenzene have been obtained by reduction. 11 * 

From u-aminoanthraquinone, the corresponding *rsiuie acid 
has been prepared by Bart’s reaction (p. 208). This on reduc¬ 
tion with sodium hydrosulphite gives 1-I'-arsenoanthranol:- 
Cllif)ll| As As 011(011)* 

/\/ \/\ A/. \/\ 

II II *11" -> -I 

\/K /\/ \/\ /\/ 

ch(oii) on (on.) • 

which is readily oxidked by air to anthraquinone-J.-arsenoxide :— 

1 Kltrlich §nd Korrer, Her., 48 (1 1*16), 1634. 

10. I’., 1247 (1911). Ibid., 16,'Jill (1912), 24,152 (1914). 

Mllnchetu’rmed. Hi. (1915), 177. 

Dam#?,, K. P„ 101,190; 101,197 (1910). 
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CO AsO 

/\/ \/\ 


cp 


These compounds are toxic, and they are easily decomposed 
into anthraquinone and arsenic acid. 1 

A very large number of other derivatives of phenylarsinic 
. acid and of arsenobenzene havo been described, tho abijve- 
mentioned having been given qa typical examples. 

, In addition to tho symmeti'ical derivatives of arsenobenzone, 
E—As As—R, already mentioned, mixed or unsymmotrical 

derivatives of tho typo R—As = As—R' can bo obtained by the 
reduction of an equimolegular mixture of arsinic acids, RAs0 3 H, 
and R'AsO ;i II 2 . ,J Another method of obtaining unsymmotrical 
arsenobenzenes is as follows: The arsinic acid is first reduced 
to the corresponding arsine by means of metal and mineral acid, 3 
*■ R . As0 3 H 2 -> R . AsH.„ 

, and this*-can then be condensed with aryl arsenoxides or halides. 
■ c . R . AsIR -r OAslt' - R . As - As. R' + H.,0. 4 
Tins method is also applicable to the production of mixed arseno- 
stibino, and arseno-bismutho compounds 5 (<:/. p. 215) 

• R . AsK, + R'SbCl, = R . As -- Sb . R' + 2HC1. 


As can b« seen from the preparation of Salvarsan, the use 
of sodium hydrosulphite is not applicable to tho formation of 
arseno compounds containing a nitro group as this is also re¬ 
duced by the hydrosulphite. It has been found, however, that 
hypophosphorus acid is a specific agent for reducing the arsinic 
acid group to the arseno group, and by this nieitns arsinic acids 
containing nitro (fioup or an azo group can he reduced to the 
corresponding arseno compounds. 11 

*. Organic Antimony Compounds. —The trypanocidal action 
of antimony, compared with that of arsenic^. has been discussed 
in the first section of this chapter. Unfortunately, tho^aromatic 
antimony compounds compare unfavourably Vith those of 


1 benda, 1 Juyrn. prnkt. Chan., 95 (1917), ft. v 

2 1). R. P., 251,101, 270,254. 3 Ibid., 25M51. 

4 Ibid., 251,511. X 

> Ibid.,‘2ii,!.81 4 mfM, 269,743, 269,744, 3h9,745. 

«Kn.rror [)\ 47(l!lk‘l 2275: D. R. P.. 271.271. 
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trsenic with regard both to ease of preparation *and suiiiUiuty. 

?or example, p-aminophenyl-stibinie acid, the antimony analogue 
)f arsanilic acid, cannot be obtained by •the interaction of anti¬ 
mony pentoxide and aniline, and the statement 1 that it has been 
ibtained from aniline and antrtnony trichloride by a method 
malogofls to Michaelis’s synthesis of p-dimethylaminophenjd 
■rsinic acid (]). 207) is quite incorrect. 

Aryl-stibinic acids can, however, be obtained by the action of 
lodftim antimonitq on diazo solutions- in a way somewhat 
malogotis to Bart’s reaction (p. 2*8), andyj-aminophenylstibinic 
icid has been prepared by this method^ Imt the preparation b* 
lilHoult and the yields are low. The compound moreover is 
iimorphous and difficult to purify. Aryl-stibinic acids can also 
>o obtained by the action of alkali :l on compounds obtained freyn 
mtimony trichloride and diazo compounds. 4 

Aryl-stibinic acids can be nitrated in the usual way, 1 ’ and 
j-chlorophenyl-stibinic acid on nitration gives 3-nitro-l-ehloro- 
ffienyl-stibinic acid, which, on boiling with alkali, gives 3-uitro- 
L-hydroxyphenyl-stibinic acid. This, on reduction with»sodium 
lydrosulphite, gives 3-3'-diaiiiino-'l-l'-dihydijxy-slibinobenzeue, 
he antimony analogue of Salvarsan.’* * 

A large number of other aromatic antimony compounds, and 
nixed arseno-stibino compounds have been prepared" (<•/. p. 214). 

None of the compounds which have been tried up to the 
irescnt fulfil all the. conditions necessary for a rftilly efficient 
rypanocide. These conditions may h.e summed up as follows:— 8 

(1) The compound must he non-irritant, and capable of re¬ 
naming in perfect solution at the temperature and alkalinity of 

he tissues. . * 

• • 

(2) It must act quickly on the trypanosomes before they can 

.cquire a tolerance to the drug. # 

(3) When the trypanosomes have been expelled from the 
ilood by a single full therapeutic dose, there must lib no recuj- 
encoin the majority of cases within some fixed^imo, which will 

1 Breinl and tfioronst.ein, Annals of Trojdcal Medicine, 2 ('000). 

- D. R. L’„ 254,421. ' 3 Ibid., 261,825. 

4 P. May, J. C. 8., 101^1012), 1037. 1 Ibid., 103:* 

« D. R. W, 268,451. * 

1 Ibb if25!),R75, 260,205,267,083, 254,187,260,600, 260,743, 260,74*. « 

8 'Htomspu and Cusli.|(y, Proc. Hoy. Sue., 82J3 (1910)^ 2^ 
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depend to sonte extent on the particular host experimented with, 
and'on tho strain of parasites used. 

Although tho arseniy compounds which have been described 
do not fulfil the second and third of these conditions, yet tho 
majority of them fulfil tho first? of these quite admirably, but in 
the case of antimony difficulty has been experienced in (obtaining 
derivatives to fulfil even this condition. 

Of the various compounds which have been tried therapeuti¬ 
cally, those of a similar nature to ordinary tartar emetic (potassium 
antimonyl-tartrato) are amongst those giving the best results. 
'Thomson and Cushny, 1 have experimented with many com¬ 
pounds ff this type derived from various hydroxy acids, and the 
best results were obtained with compounds prepared from tar¬ 
taric and malic acids:—■ 

HO—CH—COOII 110—011—00011 

I I 

HO—CH—COOT f (; HOOOI-I 

Tftrtaric Acid. Italic Acid. 

The nodiuin and potassium antimonyl-tartratos seemed to bo 
very nearly equal jn their efficiency, but the ethyl ester of anti- 
fnonyl-tartaric acid appeared to have some advantage over these 
alkali salts. Potassium ammonium antimonyl-tartrato is known 
as Antiluetin. 

Good results are also claimed for certain antimony derivatives 
of thifjglycolhe acid. 2 

The injection of finely divided metallic antimony has also 
been advo&ited as the most satisfactory treatment of trypano- 
somjasis. 3 

« 

1 Thomsom.nd Cushny, Proc. Rot/. Soc., 82 B (1 10),vM'J. 

3 Rowntreo and Abie, The Journal of Pharmacoltn/ii (Baltimore), 2, (1010), 
101-144. v ‘ 

3 l’liipmey;Had Fry, Pm. Pun/. Soc., 81 B (11)09), 334. Plimmor, Fry, 
and Rankeu,, Proc. Roy. Soc., 83 B (I'JIO), 140. • 



CHAPTER XV. 


PUISNE DERIVATIVES (DIURETICS) AND OTHER U1UO ACT 

ELLMINANTS. 

* 

Caffkinu, the best-known drug of the jyirino group, is used a 
a cardiac tonic and cerebral excitant, but in addition # it has 
diuretic action, as also have other members of the purine grouj 
Caffeine sodium oinnamalo is known a* I Idol. 


ClI.,—N—CO 

I I 

CO C—N ( 
CI4— N—C— 

Caffoiuo. 


,CJL 


CH 


HN- CO 

I i ..< 11 . 

CO C—N( 

I > ><< 

<' H. N C X 

Thoobrominc. 


CII,—N—CO II 

I I / 
co c—N 


OIL, N—GO 

I 


,CH. 


CO C—N 


1 

> H 

l ^ 

■N — 

C—N 

if—N-*C- 



Thcephyllino. 


Paraxantliinc. 


Although the action of theobromine on the uervouffsystem i 
far weaker than that of caffeine, its diuretic action is as string 
Both substances suffer from the disadvantage of sjjjiring solu 
bility and smalf power of resorption. To overcome the draw 
back of slight solubility, double salts of the*odium,dgrivativc! 
of caffeine and theobromine, with sodium salicylate,benzoate 
and acetate, have been prepared. Compounds of soifium theO 
bromine with sodiutn salicylate and acetate ^ire known as 
Diuretin %nd Ay-urin respectively. The acyl-amino derivative! 
of caffeine arc said to have a strong diuretic action without th< 
by-effects of caffeine? Monoaccbyl-amino-cajjeific, diacetjl 
amino-ciJrcine, etc., have been prepared 1 


1 D, R. P., 139,96Q 

2t 7 . 



218 


SYNTHETIC DRUGS 


^According 'to the investigations of Ach, 1 ijhe dimethyl- 
xanthines have a stronger diuretic action than trimethyl- 
xanthine (caffeine). Of these, theobromine (3-7 dimethyl) 
has the weakest, and theophylline (1-3 dimethyl) the strongest 
action, but that of paraxanthlno (1-7 dimethyl) is the most 
persistent. 'Theophylline , which difflrs from caffeine rh having 
less action on the heart, has been introduced into therapeutics 
under the name of Theocine, in the form of its compound with 
sodium acetate. Its practical application is due to a synthetic 
process, as the natural alkaloid is far too expensive. 

J Theophylline has Keen synthesized by Fischer and by 
Traube.i the technical preparation being based on the latter 
method. 3 

The synthesis of theophylline was carried out by Traubo 
according to the following method. Dimethyl urea was first 
condensed with cyanaeetic acid by means of POCl 3 , and the 
resulting compound (11.) converted into the cyclic base (III.) 


CH^—NfH 

HO) —CO 

CII. r 

— N — 

-CO 

1 

| POOL 

1 

I 

CO 

cii„ —>' 

1 


CO 

1 

(III., 

1 

| 

CN 

CH 3 - 

1 

-NH 

II. 

(In 


! I 

CO CH„ 

i I 

CH a —N—C Nil 
III. 


by the action of alkali. This base, when treated with sodium 
nitrite afd-acetic v acid, yields the isonitroso compound (IV.) 


OH.—N—CO 

•'ll 

co c *i—on 

I I 

cir, \ c nh 

* ' IV. . 

. * 

«— ‘Ach, A. e. I’, P„ 44 (1300), 010. 


CH 3 —N—CO 


(JO C«-NII„ 

I II 

CI I.j—N—C—NIL* 

V. 

2 W. Traube, Her. 


.33^2?), 


3053. * 



URIC ACID RUMINANTS 


219 


CH 3 —N—CO 

-> CO C NH -OHO 

• I !( 

CH 3 —N—C—Nil, 

*• VI. 


» 

CH 3 —N—CL 

I I 

-•> , CO C—NH 


■ CH 3 —N—( 
VII. 



which is reduced to the corresponding amine (V.) by means of 
anicsonium sulphide. This amine is then converted, by formic 
acid, into its formyl derivative f/Vl.), which loses ILO and 
yields theophylline (VII.) when heated with alkali. 

8-Amino-thcophylline is obtained by tSie action ammonia on 

CII 3 —N— CO ('ll, N CO 


CO C—Nil 


CH,- N— C-N 


1 


G -Cl 


I I 

CO C Nil 


),C- NIL 


CII 3 -N—c—$1 


8-chloro-theophyllino, 1 and has strong diuretic action. 8-^mino- 
paraxanthine and its alkyl derivatives have been obtained in 
a similar manner.- * 0 

3-Monomethyl-xanthine has an appreciably diuretiy actiorf, 
but in 7-nionomethyl-xanthinc it is vanishingly small. The 
diuretic action of xanthine itself is extremely smartl, and th;A of 
iso-caffeine (1-7-9 trirnethyl-xanthine) is also very vjpak. 

Uric Acid Solvents, etc.—Tn addition to the diuretic^, the 
various compounds that have been advocated as ri*nedies for 
gout may be divided into two classes—those which arc designed 
to diminish the formation of uric acid in the body, and those* 
which are intended to act as solvents for the uric atud after it 
has been formed. Of the latter class it may^be said that many 
substances have been obtained, sutfh as pipofazino'afld u-rotro- 
pine, which are capable of dissolving uric acid in vifjo, but aig 
probably quite incapable of dissolving it in the highest possible 
concentrations that can bo present in the bfldy. Naturally 
•many compoiflids have been prepared which are, intended to 
combine both function#. . 

For example, quinic acid, C,,II 7 (OH) 4 . COOH, which exists 


! D. It. P., *fi t 000. \Tbid., 
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in,cinchona bark anti coffee beans, is said to diminish the forma¬ 
tion of uric acid, 1 and its lithium and piperazine salts havo 
been introduced under uhc names of Urosin and Sidonal respec¬ 
tively. In these cases the lithium or piperazine is intended to 
act as a uric acid solvent. 

It has also been noticed that the presence of organic acids in 
the organism generally decreases the amount of uric acid formed, 
and that this effect is greater in proportion to the number of 
carbon atoms present in the acid. For this reason the use of 
diphenyl tartrate has been suggested, (—GH(OII)—COOC (i H rj ) 2 , 
and salicylic acid has also been used, especially in the form 
ol a condensation product of saligenin and tannic acid. A 
salicylate, of urea has been recommended under the name of 
Lrsal. Other compounds used for this purpose are hippuric 
acid, methylenc-hippurie acid— 

, 011 , 00 

G,.,IL,-00-N< “ [ 

Mill.,—O 

and its meta-nitro compound, 2 

Drugs of the second class, namely those the function of 
which is to prevent the deposition of uric acid rather than to 
prevent its formation, arc more numerous. The alkaline car¬ 
bonates have neen widely used for this purpose, and especially 
lithium carbonate, as it has been found that the lithium salt 
is by far the most soluble of all the inorganic salts of uric acid. 
The alkaln.o tartrates, citrates, etc., are also used as well as 
the carbonates. The bad effects of lithium on the nervous 
system have led to the introduction of various organic bases 
which form even more soluble salts with uric acid. 

The employmei'r of lithium and these bases as uric acid 
solvents is(, fallacious, because there is always sufficient sodium 
i- resent in the body to form the sparingly soluble sodium urato, 
and a double decomposition between salts .takes place with tho 
formation of the least soluble. If we designate sodium urato 
for the sake of simplicity as NaU, then an equation such as 
Tail + NaOlcjt NaU + LiCi, will run Lorn loft to right under 
the conditions present in tho organism. Neverthewijjs, some 

1 Weiss, 'He. klin. 14 (18‘J‘J). 


-IX It. P., 14S,069. 
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considerable benefit is often derived from these’remedies, al¬ 
though it may not be duo to their solvent action on the uric 
acid. > 

Of the various organic bases that have been used as substi¬ 
tutes for lithium, piperazine is' the most important, ft was 
obtainecf'by Hofmann by the action of ammonia on ethyleUe 
dichloride or dibromide. 1 


,/H + Br—CII„—CH,—Br H, 

I1N( " " + >N—II 

Mi + Br—CH.,--CII,—Br f IV 

HIH-CH, 


(IN 


^CH.,—CH„ 


Nil + 4IIBr.’ 

■i 


It is most readily purified by treating the reaction mixture wifli 
nitrous acid, whereby nitroso-piperazine— 

,CII., -CII..S 

ON—N< ' )N—NO, 

X CII,—CII/ 

is obtained, from which piperazine can be regenerated*by the 
action of hydrochloric acid or reducing agents,* 

Many different modifications of this synthesis have been 
devised, 3 but only one of them calls for mention. By the action 
of aniline on ethylene dibromide, diethylenodiphpnyldiamiue is 
obtained, 4 which yields a nitroso compound on treatment with 
nitrous acid. It has been shown 5 that this on treatment* with 
alkalies yields piperazine and nitroso-phenol. 

Aniline with ethylene dibromide gives— 


.CII.,—CII.,. 

(5,.II,—N< ' >N—C,I1 5 

X cn,-GH./ 

i 

just as atninonia gives piperazine. 

This with nitrous acid yields— 

1 Hofmann, Proc. Roy. Roc. , 10 (1860), 231; Her., 23 flBOO), 3207. 

•*D. K.*P., 59*222. 

■‘Ibid., 60,547 , 63,618,60,461, 05,347 , 70,055, 71,576 , 88,524 , 70,050. 
73,125, 07,811, 73,354, 74,»28, 98,031, 100,232. Sec Friedliyider, Fortathr., 1 
III. 948, IV^t201. » 

* Hofmann, Proc. Roy. Soc., 9 (1858), 277. 

s # 3 chler, Ber., 24 (^91), 717 ; and D. K.^>., 60,547, jfc. 
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,ch„-ch 2v 

uxn— u,.ti 4 —N( ' )N—CJI,—NO 

, \cii 2 --ch/ 

|NaOH 

.OIL,—OIL. 

CN .on + IIN( ■' " )NH + HO—C 6 H—NO 

Oil OIL/ 

Piperazine is also known under the name of Disperinin, and 
its salt with quinic acid (p. 220) is used under the liamfes ot 
Unit and Sidonal. 

OIL—Oil—CH, 

The filtrate of dimethyl-piperazine, NII(^ ^)N1I , 

OH,—Oil—OIL, 

is known as Lijsclul, and has the advantage of being non-poison- 
ous and non-hygroscopic. Dihydroxy-piperazine has also been 
investigated, and it resembles piperazine in its properties of a 
uric acid solvent. It is obtained by polymerizing aminoacetal- 
deliyde with cold hydrobromic acid. 1 

NH 

/ \ 

II,C OH—OH 

2NIL,. OIL. OHO = “I | 

HO—IIO CH„ 

\ / 

*- Nil 

OH,— 

An ethylene-ethenyl-dianiine, | yC —OIL,, has been pre- 

, OIL—Nil 

pared * by ueating ethylene diamine hydrochloride with sodium 
acetate and introduced under the name of Lysidin. It is said 
to bo eignt times- as strong as piperazine in its solvent action 
pp uric apid in vitro. 3 Similar proponyl and butenyl deriva¬ 
tives have been prepared. 4 

Urotropin (nexamethylene-tetramine), cf. Chapter XT., has 
been recommended as a uric acid solvent, its salts with quinic 

i 

1 E.fpischer, Her., 27 (1804), 1C9. h 

2 Ladenburg, tier., 27 (1894), 2952; P. R. P„ 78,In* 

3 Deut. med. He, 1(1891). 

* Kirogviisteiu, her., 28 (1895), 1173, < 0C8, 
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acid being known as Quinotropin, and its salicyl derivatives 
as Saliformin. Ilelmitol, or New-urotropin, is the anhydro- 
methylene-citrato of hexamethylene-tutramine. The acid, 


Oil., 


,CH„—COOH 


0~-G0 // X CIT,—COOI1 


, is obtained by heating citric 


acid with paraformaldehyde, or in better yield by the action of 
ehlqf-mothyl alcohol, Cl . CH„ -Oil, on citric acid at 130"- 
140" C. 1 “ , 


The sodium salt of the acid has also been used by itself as a 
uric acid solvent, under the name of Citdriu. 

According to Tuiiniclil'f'e and Kosenheim, the solubility of 
uriciieid in blood serum is raised by the presence of piperidine, 
and they suggested the use of piperidine tartrate." * 

A substance of unknown composition which is used a good 
deal as a uric acid solvent is thyminic acid, a complex substance 
prepared by a lengthy process from the thymus gland. 3 It is 
also known by the trade name of Sohtrvl. On boiling with 
aqueous sulphuric acid, it breaks down into Thymin, 


, Nil—CO. 

CO( )C .C1I 

X NH CIi x 




which shows that it is chemically related to piperazine, lysidiue, 
etc. 1 

Various other cyclic bases of this type, such as, 


,CH(CH.,)—N r CII, 

CH 3 —N X X CH.CII 3 , 

. \CH(CH 3 )- N'-CH 3 


also have a strong solvent action on uric aci^. 4 , 

Certain quinoline derivatives have been found useful in 
treatment of gout, sciatica, etc., as they have analgesic pr»- 
perties in addition being uric acid eliminaijfs and urinary 
antiseptics. The simplest of these is Alophan, or 2-phenyl- 
quinoline-4 carboxylic acid, 

• • 

1 nrtt. P„ 129,255, 150,949. • Lancet (»889), 189 

, 1 1). K. P., 104,908. 

4 Unpublished ^jservations of tlio au^ior. 



224 


SYNTHETIC DRUGS 


COOH 



9 


Ils ethyl ester is known as Acit’rin, and the methyl derivative of 
this, 


COOCJL, 



N 


is known as Novatophan. 



CHAPTER XVf. 


PURGATIVES AND OTHER SUBSTANCES ACTING ON THE 
GASTRO-INTESTINAL TRACT. 


Anthraquinone Derivatives.-— Many aperient drugs, such as 
cascara, rheum (rhubarb), senna, and, aloe, contain hyflroxyl 
derivatives of methyl-anthraquinone. The position ol' the 
methyl group in these substances is not quite certain, hut it is 
probable that most of them are derivafives of u-methyl-anthra- 
quinone, 


CttyCOv^ 


\co/ 


Those substances are very valuable as purgatives, owing to ■ 
the fact that they have but little effect on the stomach and do 
not cause inflammation of the intestine. On the other hand, 
some of the drug is absorbed from the intestine iijto the system, 
and is liable to have an undesirable action on j,he kidneys. 
This effect is usually very slight, however. 

Gkrysophanic acid, dihydroxy-mothyl-anthraniiinrvje— 1 


ch v co x 9 H 


Vio/ 


OH 


is one of,the milder of the natural purgatives oi tmsjgroup, agj 
is present in rhubarb and many other purgative dru^s, usually 
as a glucoside, ckry^ophan. The number and position of the 
hydroxyl groups has a powerful influence on the physiological 
'action of the‘substance. For example, emodin, trihydroxy- 
methyl-anthraquiuone»C i;i Ii| U O i , probably having »the constttu- ,t 
tion—* 


1 Jowett a#d Potter, J. C. S ., 8S (1903), 
J Hesse, Armalen, 309 (1899), ^2. 
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'CII, /C 0\ OH 

/V 


HO 1 




\co/ 


OH 



has a considerably more powerful action than ehrysophanic 
aifcid. This substance is obtained together with rhamnose by 
the decomposition of the ]xmlosi<Je fmiujidiH, obtained from the 
bark of Ukanianx fianijida, and from other similar sources. 

C.,,11,,,0,, + 211,0 - (Oils. C.H..0 + 11,0) + 

Rhamuoso. Emodiu. 


The active principles present in different varieties of aloes are 
known as aloi'n, ('' 1T 17, S 0 ; + 4-ILO, ami barbaloin, C lt) II l8 0-. 
The structure of these compounds is not known with certainty, 
but they are undoubtedly derivatives of polyhydroxy-anthra- 
quinones. 

The purgative action of the synthetic hvdroxy-anthraquinones 
has been investigated by Vieth, and his results indicate that the 
numhe ‘ and position of the hydroxy] groups is of importance, 
but that the presence of the methyl group seems to have little 
inllucuce on the physiological action. He found that the most 
active was iiiillrtipitI'piii'iii, 1-2-7 trihydroxy-aiilhraquinone— 



Su1isl:iu«v. 


j Anthrapurpurin, 1-2-7 trihvclroxy-antliiaquinuiio 
j Flavopurpurin, 1-2-6 „ ,, 

j Anthraga’loi, . 1 - 2-8 , ,, 

• Vurpuroxquthin, 1-3 di hydroxy- ,, 

j Alizarine-,!Bordeaux, 1-2-3-1 tetrahydroxy- ,, 
Purpurin, 1-2-4 tri hydroxy- ,, 


HI rougtli of Action. 

1 


A number of compounds, such as alizarin fl-2 Jihydroxy- 
anthraquinone), rufigallic acid (hexa-hydroxyanthraquinone), 
etc., arc inactive. Some of the active compound’s contain a 
methyl group, and others do not. 

An important factor «in determining the purgative action is the 
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length of tijne that the substance remains in the infesting for 
when it is absorbed it can no longer exert a purgative action. 1 
The superiority of the glucosidos and acetyl derivatives over 
the parent substances, and of the natural drugs over the syn-t 
thetio, is due to the slower absorption of the former. Chryso- 
plianie acid when quite pure iS no longer a purgative, owii^f to 
its rapid absorption.- Rapid absorption also increases the risk 
of undesirable effects on the kidneys, and therefore it is to he 
avoided on this account also. For these reasons, synthetic 
substances such as anthvapurjRirin arc inferior to the natural 
compounds, hut synthetic substances a more complex nature 
which are slowly absorbed have also been obtained. • 

Anthrapurpurin diaeetate has been tried as a mild laxative , 
under the names Purijatm and Purijnlol, hut it is a kidney (irri¬ 
tant. The acetyl derivatives of the totra-alkyl ethers of rufigallic 
acid have boon recommended as purgatives/ 1 Exodin is said to 
he the tetramothyl ether of the diacetyl compound, but accord¬ 
ing to Zernik 4 it is a mixture of several substances, of which 
the hexamethyl ether is the one to which the purgativS action js 
due, the diacetyl tetramelhyl ether being inert. Kxodin is 1 , 
mild purgative. 

Many derivatives of aloi'n have been prepared wfiich are in¬ 
tended to be free from the bitter taste of the parent substance 
whilst retaining its purgative action; these, being only slowly 
decomposed in the intestine, should be more active. A»deriva¬ 
tive of aloin and formaldehyde has been prepared pn which the 
methylene group enters into two hydroxyl groups-- 5 

/°\ 

C r H„ ; O^OH)., + OCH„ = O l7 H 1(i O,< >01*, + II., O. 

' x 0 / 

ts action resembles that of alotu itself. “SI. M*eybr has pre¬ 
pared tribromalo'in, C 17 II 15 0 7 13r 3 , which has a mildejj action Ijjan 
doi'u, and triaeet^l aloin, C 17 II| S O 7 (C0 . CH 3 ) 3 , which is*as 
powerful as the parent substance in its actfon, and has the 
idvantage ob being tasteless and keeping well. An oxidation 

■This statement of ?ourso only applies to subst^iees such as^hosc, 
vhifih act locally. It does not apply to apomorphiuo, etc. 

a Dixon, “ Manual of Pharmacology." 3 D. K. P., 151,724. 

< Zornik, Apot/t, Zei %., 19, 598. * D. 80,449. 

15 * 
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product obtained by the action of persulphate on aloi'n 1 * has a 
weak purgative action, and is free from harmful by-effects. 

A glucoaide having a purgative action has been obtained from 
' cascara sayruda, and named Perintallin. 

, HO—C 6 B 4 0 

Phenolplithalein, although not an 

HO-oX Xh 4 

anthraquinotie derivative, has a purgative action without harm¬ 
ful effects on the kidneys, and has attained wide use as a laxative 
under tho names Panjeit and Laxin. It sometimes causes grip¬ 
ing, and to overcome this drawback its acetyl-valeryl derivative 
has been introduced, under the name of Aperitol. 

'Drastic Purgatives.—Very littlo is known of the chemical 
nature of these substances, which act by reason of their generally 
irritant properties. In largo doses they give rise to had effects, 
but in their>,specific doses they act more promptly than the 
, anthraqpinone derivatives, though they are apt to cause nausea 
'and vomiting. 

i. Croton oil contains a large number of substances, but its in¬ 
tense putative aption is probably duo to a resin, C W 1I 18 0 4 .‘' ! 
The action of jalap has also been attributed to a resin, which is, 
however, a mixture of several substances. 3 

The activ, 1 ' principle of podophyliin is podophylltoxin, 
C 1& H h 'O 0 , a neutral substance, which when heated with alkali 
forms podeyhyllinic acid, C I5 lI 10 O 7 . By loss of water this acid 
forms picropodophyllin, C 15 H 14 0 (i , an isomeride of podophyliin, 
9,nd bn further treatment with alkali yields acetic acid and 


e, CIlX 


OH 


_ y. * Picropodophyllin is probably the lactone 

li 


of ^podophijilinic acid, these substances being regarded as de¬ 
rivatives of -y-pjrone. 4 » 


1 D. R. P., 134,987. 

J x ‘ l r>unstan and Boole, Proc. Roy . Soc., 58 (1895), 238. 

3 Power and fvogerson, Pharmaceutical Journal, 29 (1909), 7; Journ. of 
American Chem. Soc., 32 (1910), 80. 

04 Dunstan and Henry, J. C. S., 73 (1898), 209. 
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c O 


0 

/\ 

-CH CM—COOII 


0CII « I'll, CH—OH 

• \/ 

CO 

Podophyllinic acid. 

°c:ii, , /° x 

CH,/ X ;--Oil CII—CO 

' \ / I I I 

00112 CII, CH—0 


CQ 

Picropodophyllin. 

These two substances are without definite purgative action.' 

Other Substances acting on the Gastro-Intestinal 
Tract.' — -Phenyl-dihydroquinazoline. was accidentally found to 
possess a bitter taste, and to produce an early feeling oT hunger,* 

N 

CII 

I 

N-CVII, 


and hence it has been introduced as an aperitif, 2 under tfio • 
name of Orexin. Other substances of this type have alsc been 
investigated, Ijpt none of them are so satisfactory^ as this one. 
Dihydroquinanolines of the typo— 

N [~ Quinandline is * ‘ N- 1 

/\/\ /\/\ 


I N—R | I N 

\/ • \/\s 

CII, [ CH, 

1 Mackenzie and Dixon, Edinburgh Med. Journ. (1898), 134. 1 

2 Aperitive denotes a substance used t^stimulat^tfce appetite. 
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i 'Orexig is used in the form of the hydrochloride, owing to the 
bad taite of the free base. The lannate is insoluble in water 

r 

(cf. quinine), »and therefore is quite tasteless. Tt is soluble in 
hydrochloric acid, and therefore dissolves in the gastric contents, 
and can exa.'t'the required notion. It is now largely used in- 
steirl of the 'hydrochloride. 

C'oto-bark has a specific effect on the walls of the intestine, 
dilating them arfd helping resorption, which renders it of use 
in diarrhoea. Its active constituent is cotoin, Cy/ 1^,0^, a de- 
rkatjve of benzophenone and phloroglucinol having the 
fortmda— «. 

CH,0 . C,JI 2 (OH) 2 —CO—C 6 H s . 

/ « • , ' 

1 D. It. P., 51,713.) 


Ubid., 113,163, 
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This substance has a sharp taste, and in o* u ., „„ u.tioome 
this disadvantage, various derivatives have been prepared, 
one of which, known as Fortn'iu, i*i a methylene-dicotoin, 
011,(0,,formed by the action of formaldehyde on 
cotoin. 1 Tt is fiee from the*sharp taste of cotoin, and is 
said to have a stronger action* having especially an enhanced 
bactericidal effect. 

Condensation products of cotoin with phenols have been 
prepared," which have the antiseptic action of the phenols' 
combined with the beneficial effects of cotoin on the intestines. 

1 1). It. I'., ilbid., 101,non. 



CHAPTER XVII. 

VARIOUS OTHER COMPOUNDS OF INTEREST. ' 

Glucosides.—Several glucosides which owe their physiological 
activity to their hydrolytic cleavage products have been mentioned 
in other parts of this volume.' It will suffice to recall such 
eqmpoutids as saliein and chrysophan. Besides tlieso, there 
are numerous glucosides which have a powerful and character¬ 
istic physiological action of their own. The most important of 
these are the active principles of digitalis and strophanthus, 
drugs having a powerful action in increasing the strength and 
diminishing the frequency of the heart-beat. Dii/italis contains 
several active glucosides, but unfortunately very little is known 
of their ohemfcal constitution beyond the fact that most of them 
s r e derivr.tives of substances allied to cholesterin. The most 
important are digitalin and dijitoxin; the latter, on warming 
wifc caustic soda, yields the physiologically inert digitoxic acid. 
The active constituent of strophanthus is a glucoside, slrophan- 
thin, C 41) 1I,„0 19 , which on hydrolysis yields strophanthidin, 
C., 7 H 38 0 7 , and a carbohydrate, C 13 II 34 O 10 . Strophanthidin con¬ 
tains two lactohe groupings, a benzene nucleus, an unsaturated 
linkage, —CII Oil—, and probably three hydroxyl groups. 
The carbohydrate, C 13 II, 4 O 10 , is the methyl ether of a biose, 

'Various other important glucosides have been mentioned in 
the previous chapter. 

Many physiplogica',',y active compounds are “glucosides” 
derived from, pentoses instead of hexoses. Frangulin \cf. p. ” 
226}„’is an erample of a pentose derivative, and more recently 
it Has boon shov^n that the poisonous haemolytic substance 
present in the fungus Amanita phalloides is a pentoside. 

Within recent years a considerable number of glucosides have 
be-n ootained synthetically, some of those being iderVical with 

1 P eist. Her., 33 (1900), 2061, 2069, 2091; Fraser, “Strophanthus,” 
Edinburgh (1887); Aruaud, C. 1... 107 (1888), 181, F12. 

!32 
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natural products. For example, E. Fischer 1 ha» obtained dl. 
mandelonitrilo glucoside, identical with prulaurasin ; this lias 
been resolved into its dextro and laevo* components, and the 
former found to ho identical with sambunvjrin, a glucoside 
occurring in the leaves of the cldtr. 

Unfortunately, however, the gltfcosides of greatest important* 
medicinally have not yet been synthesized, and are mostly of 
unknown structure. For this reason, and owing to the fact that 
very few synthetic derivatives hav^ boon prepared from them, 
the gluoosidos, in spite of their greflt physiological and practical 
importance, lie rather beyond the scope ^f this hook. » j 
Camphor and theTerpenes. —The substances of the c^imphyr 
group show a general resemblance to one another in their 
physiological action. » 


on, 

I 

C 

1I,C I CO 
OH,—C—OH, 


H 2 C 


' OH., 


" C 
II 

Camphor. 


on, 

! 

■ 0 

ILO I •OH—on 

'I cn^c— ch, I • 

11.0 | an, 

a 

H 

Borrfbol. 


CH, 

l 

o 

11,0 -CII 

OIL CH; 

\ / 

CH 

ii„o i oh— on 


II 

Menthol. 


All three have an antiseptic and slight local anaesthetic aunun. 
Borneol, known also as Borneo camphor, has less local irritant 
action, and can ho tolerated in larger doses ^han camphor. 
Menthol is nottmuch used intornally, but it finds employment 
as a mild local anaesthetic. Camphor is the most.important o? 
these substances, and, as is well known, is obtained from *ho 
camphor-laurel, growing in China, Japiyi, and the^East Indies, 

1 Fischer and Bergmann, Bar.,"'>0 (1317), 1047. 
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but within r<Soont years it has also been produced artificially 
from turpentine. 

It is a carminative and is used to check colds in the head, 
and for a very large variety of other medicinal purposes. It is 
injected as a stimulant in cases?of collapse. 

' It is necessary to distinguish'between the so-called “artificial ” 
or “synthetic camphor," and true camphor produced artificially. 
The former is in reality not camphor at all, hut is “ pinene 
hydrochloride,” obtained by action of dry hydrogen chloride 
on turpentine. Turpentine Consists chiefly of pinene, and on 
(reatf.ient with dry hydrochloric acid, the crystalline “pinene 
hydrochloride" is formed. This substance, which resembles 
camphor in many of its properties, is bornyl chloride, an intra¬ 
molecular change taking place when hydrogen chloride acts on 
pinene. 


OIL, 

,1 

0 


,110 


on 


oil,—o -on, | 
H.,C i , Oil., 

“ '\ '< s / - 

Pinone. 


Oil, 

! 

0,. Cl 

\ 


HU 


11,0 


on 


OIL—-0 -OH., [ 

II.,0 . ' Oil., 


!; J 

Intermediate product, not isolated. 

Oll ; , 

,1 

0 


ir.,o, 

! 

11,0 


0,1,1:, -C-CH, 


0IIC1 

, on., 


v/* 

H 

irnyl chloride Pineno chlorido”) 
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. * \ 

True camphor has been completely synthesized, nut the 
synthesis is an extremely lengthy and laborious one, and is 
impracticable as a commercial process, (Camphor can, however, 
be economically prepared from turpentine (pinene) by a simple 
series of reactions. Turpentine*on heating with anhydrous 
oxalic acid at 120”-130" 0., yields camphor, borneol, and th# 
oxalic and formic esters of borneol. 1 


I1C 


CH :1 

I 

0 

—C—Cll t 


II.,c, 


OH 


—-> 1L..C 


on, 


0 

n 

Pineufl, 


II., 0 


on, 

! 

0 


+ H '° H j (.11 : 0 OH 


N o 

H 

Borneo]. 

cm, 

I 

o 


Of I. OJB 


OH., 


+ o 


ir„o 


011. 0 


U .,0 


• co 

-Oil- I 
*t'AU 


■0 

II 

(fhiphor. • . 

The borneol esters arg hydrolyzed, and the resultant borneM 
oxidized to camphor by means of dichromatt: and sulphury; 
acid.- * • 

• Various oth«r methods of oxidizing borneol to camphor have 
been devised, using permanganate, 11 nitric acid, 1 chromic a<jjd,* 

• air,' 1 or ozon? 7 as the oxidizing agent. 


4 Ibid., 21^5.’ 
Ubid., lGl.aOG. 




bid., 158,717. 


I D. It. P., 1 : 11 . 55 :!. 

3 D. It. P., 157,5:10. * 

II Ibid., 101,528, 160,722. 
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Valfci iciiiic* Derivatives. —Those are uijod as norvous 

sedatives, and some of them, containing bromine and iodine, 
have already been mentioned in Chapter XIII. 

The esters of borneol and menthol with isovalerianic acid, 

CH,\ ' 

, /CH—CH 2 —COOH, areiknown as Bornyval and Validol 

CH/ 

respectively. Gynoval is the iso-borneol ester of the same acid, 
and Valyl is the diethyl-amide (CH,) 2 . CH . CII 2 . CO . N(C 2 M f> ) 2 . 
It will be seen that this also contains tho grouping —CO.N(C 2 H 6 ) 2 
which is present in many other hypnotic and sedative com¬ 
pounds. New Bornyvdl is bornyl isovalerylglycollate, 

(f;il.,) 2 . CH . CII 2 . CO . O—CHj—CO . 0 . C U1 TI 17 . 
Glycerophosphates. —One of the chief constituents of nervous 
tissue is lecithin, a complex ester of choline and distearylglyccro- 
phosphoric acid, tho composition of which is indicated by some 
such formula as— 

" CII 2 —0—CO-C n H ss 


CH—0—CO—CjjHjj 



In reality it is somewhat more complex, for it contains also the 
corresponding derivatives of various other fatty acids such as 
palmitic, p„.H. )2 0 2 , and of unsaturated acids such as oleic, 
C 18 H 3) 0 2 , a^id linoleic, C 18 II. l2 0 2 , as well as that from stearic 
acid,.C, 8 H 3 i! 0 2 . On hydrolysis it yields a glycerophosphoric 
acid which js probably a mixture 1 of the u and /i acids— 


CH„—OH 
; 

d,H—OH 

CII,-0—Pf-OH 
‘ \0H 


a-acid. 


ch,— on 

! " /■ 
CH—O-P-f-OII 


CII.-pH 


\qii 


/3-acid, i 


* Ap lecithin is said 2 to exert a favourable influence on growth 

indimetabolism,(glycerophosphoric acid and its saltt have been 

« 

1 0. Badly, C. R „.160 (1015), 395. 

J Dai llAvski, C. lt.,j 21 (1895), 1167 ; 123 (1896), 190. 
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introduced intp therapeutics. It is, however,'improl\,ble that 
lecithin is built up in the body from glycerophosphoric acid, 
and it is doubtful whether glycerophosphates have any advan¬ 
tage over the inorganic hypophosphites. 

Glycerophosphoric acid is prep%red by the action of phosphorus 
pentoxide on glycerol, 1 or by heating phosphoric acid witji 
glycerol for six days. 2 

A better result is obtained if the glycerol and syrupy phosphoric 
acid*are heated for twenty-four to twenty-eight hours at 100“-105° 
in a vacuum. 3 • 

Sodium glycerophosphate may be obtained 4 by heating two 
molecules of glycerol with one molecflle of monosodium or 
monoammonium phosphate in a vacuum, whereby a diglyceiyl- 
monometallic phosphate is formed. . 

C,H & (OH), IIO 

+ )PO—ONa = 

C 3 H 6 (0II) 3 ho/ 

C 3 II,(OH),-O x 

0,H 6 (0H),-O / 

This is then saponified by caustic soda solution, and disodium - 
glycerophosphate separates out on concentration. * 

The crystalline sodium salt thus obtained h;is been s"hown to 
be identical with that of the /J-glyeerophosphorie acid obtained 
synthetically, 5 and this conclusion as to its constitution has 
been confirmed by an indirect method. 0 • 

The sodium salt is very soluble in water, the calcium salt 
moderately soluble in cold water, but almost insoluble in hot. 
The ferric salt is soluble, and therefore can bo used to combine 
the tonic propa-ties of iron and phosphorus. « 

In the preparation of the crystalline sodium salt, there is 
always |ome uncrystallizable mother liqilS*, rich i«i glycero¬ 
phosphate. This prqbably contains some of the r*dium sM? 
of the a-acid. The salts of this acid have been obtained 

synthetically by the'action of trisodium phosphate on u-mono- 

« 

1 Pelouze, Journ. prakt. Chem ., 36 (1S45), 257. 

u Portes, Prunier, Bul u [3] 13 (1895), 90. % * 

3 E. P„ 28C#(1912). Slo also E. P„ 2881 (1912), and E. !>., 19,319 (l'Jll)A 

4 French Patent, 373,112. 

f ’ King and Pyman, J. C. S., 105 (1914), 1238. 

“Grimbert and UaillyJtC. B., 160 (1915),'^^7. 


PO—O&a + 2H..0 

* 
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chlorhy/lnn, Cfl,01. CH(OH). CH,. OH, 1 and by tne oxidation 
of-sodium monoallylphosphate. 2 

OH, : CH—CFT.j —0—PO(ONa),, -> 

011,(011) -(III(OH)—CJ1,—0—PO*(ONa),. 

Bromo-lecithin is said to differ from lecithin in being absorbed 
'in the intestine as such, without being split up into glyeoro- 
phosphorie acid. It is prepared by saturating a chloroform 
solution of lecithin with bromine and drying in vacuo? Jodo- 
lecithin lias also been prepared. 1 

Sulphur Compounds. -in this section are included various 
^compounds containing sulphur. For the most part, they are 
j^ot related to one another, but are brought together here for 
convenience. 

. Ichthi/ol is one of tin! best known of these. It is a substance 
of unknown composition, containing sulphur, obtained by the 
destructive distillation of “stink-stone” or “oil-stone,” a de¬ 
posit of fossil fish found in the Tyrol and southern Bavaria. 
By the action of sulphuric acid on the volatile basic oil thus 
produced, a kuI phonic acid is formed, the salts of which arc 
used medicinally. The ammonium salt of tiiis ichthyol-sulphonic 
yeid is a reddish-brown syrup, soluble ill water, and is often 
known simply i(s “ Ichlhi/til." It is used both externally and 
internally for skin diseases, and is also used internally in tuber¬ 
culosis and many other complaints, and as ail intestinal anti- 
septjp. The lithium and sodium salts are also used, and the 
zinc saltjs used externally. 

The disagreeable smell and taste of ichthyol are said to be 
largely due to impurities, and it can be obtained in a purer « 
form by styam distillation in a vacuum. 

lchthalbin is ail odourless and tasteless powder, obtained by 
precipitating an rtUimeu solution with a solution of ichthyjj].- 
'sUlphonieVioid.'' It is used in the treatment of eczema and of 
tf.testinafcatarrh. A compound of ichthyol-sulphonic acid and 
formaldehyde,* is known as TclUlw/orm. ‘It is a dark coloured 
powder insoluble in water, and with very littleitaste'or odour.' 

' •' King undiPyman, lo:. cit. 

<>Ll. It. P., 151*110. 

I Ibid., 11H,452. 

’ Ibid., 107 t 2:|3. 


-0. Bailly, 0. fl„ 16(1 (1915), 1C3. 
4 Ibid., 155,1)29. 

“ Ibid., 100,707, 124,144. 
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.t is used internally as an intestinal antiseptfc, ^nfl externally 
is a dressing for wounds (iodoform substitute). ■ • 

Triphenylstibine sulphide, (C, ; li,-J 3 SbS, is used under the 
lame of Sillphoform in skin diseases as it liberates nascent 
sulphur on the skin. ^ 

* C 3 II S —NIL . 

Allyl-thionrea, j)CS, known as Thinsinumine 

Nil/ 

1 substance of some importance as a drug. It is formed by the 
iction of ammonia on allyl-musturd oil, 

C 3 II. - N :(!:S + Nil, = (111. . Nil. OS. Nil.,,. 

Hid is a white crystalline substance moderately solublejn water, 
it is administered by hypodermic injection for the treatment of 
upus, and for softening scar-tissues. »lts sparing solubility .in 
water is a drawback, and more concentrated solutions can be 
obtained by dissolving it with halt a molecular proportion of 
sodium salicylate.' This solution is known as b'ibrolyain, and 
t is claimed that the presence of the sodium salicyfhte not only 
ucreases the solubility, but also renders the injeetSm less* 
oainful. it has been extensively used in relaxing scar-tissue., 
The additive compound of thiosinamine with ethyl iodiJAe, 
L! 3 II 5 . Nil . CS . NIL, OJI.,1, is known as* Timlint, and is 
•eadily soluble in water giving solutions said to be painless on 
njectiou. lodnlyain is a similar soluble, non-irritant prepara¬ 
tion of thiosinamine. It is said to contain Kl per cent, of 
thiosinamine, and 17 pel' cent, of iodine. # 

Recently successful results have been claimed (fir a sulphur 
compound in the treatment of syphilis.- This is di o-^mi 110 - 
phenyl disulphide, _ * 

NTT., NIT., 


Known as jiuramme. It is obtained by the oxidation of ortho- 

• # 

aininopheuyl mercaptan with ferric chloride, and is a pale 
yellow crystalline compound insoluble in water. It is admin¬ 
istered by intramuscular injection of a suspension in oliwn (Si. 

- McDonaglt, Lancer , iyu (rj 1 b), cue. » 


1 D. It. ,l\, 103,804. 



